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•Axuo jraApx x^u^PT^a aqq ux pajjnooo uoxqonpo:cd uxupAooqqup gg 
aqq. XT 16 'saApax ui *sxp^ad 50 utsa utpui aqq. pup 'sxpdas 'smaq.s 
'saAeax qons sujupAooqqup aonpoad oq paqoadxa aq Axx^u*;rou 

PXHom qoxqM sanssxq asoqq ux Axuo uxupAooqqup jo uopEx nujno:)B 
oq pax :raqouio:rd S5£ sniTA dtpsoui jraMoxJTxnpo aqq jo 
Xo:rquoo aqq aapun oqpuioq. ux aua6 oq aqq jo uoxssajdxa '££6-LZ6 OZ 
'(9)6 'X^uzmof quPXd (9661) 'X 12 ^ 9 qbnoaqspxo^ Aq paqjodaj sv 

*paquaiu6xd 8i8M sqjpd aATqpqafceA 
ou qnq ooopqoq ux s:iaMoxj aqq ux uses spm uoxqpquauibxd paoupqug 
•punoj spm paas aqq jo pq.seq pup sqxnaj oqpuioq. ux uoxqpquauifcxd gx 
XPuijou jo quauiaoupqua ax c l p: l' oa ^ a P ou ^ nc l sqooj pup vua^s ' seAPax 
'uopexAqoo 'xAqooodAq ux paonpojtd spm uoxq.pq.uaui6xd paspazcoux 
'oqpuioq ui -paunooo adAqouaqd snoxAqo ou 4 sjsdoprqe-tu ux 
qnq ooopqoq pup oqpuioq qq.oq ux sxaAax uxupAooqqup paoupqua oq 
asxj 3ap6 :req.ouio:rd $g£ shjta dxpsoui aaMoxJTxnpo aqq jo jojlziuod qT 
aqq aapun aoq.opj uojqdposuejq Y7IT3Q uinuTqajjiUY aqq 6uxpooua 
auafc aqq. 50 uoxssaadxazraAO 'ejeH ' (6££-£££ 'Z '(5661) 'X^usnor 
qupxd 'T^ q^ Aauoow 'axduipxa joj aas) 'uoxqonpoad uxupAooqqup 
jo uoxqpxn6aadn oq qosdsai MqT M Axx^°T^^ e aApqaq oq qx asnpo 
Apui STsdopjq&j[}f oqux saxoads aaqqoup uiojj aoq.opj uoxqdxjcosupaq g 
p jo uoxqonpoaqux aqq qpqq qsa66ns aanq.paaqxx aqq ux sqjodan 

•^upxd aqq. jo spaap uxp^aao oq. paq.oxjq.saj 
st uoxqonpoztd uxupAooqqup jx ao qupxd axoq/A aqq ux uxupAooqqup 
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q3T M psuiaojsuBa^ Axq^s sip uopueAui aqq. 03 buxpaoooe s^ut^xcl 
aqq. AxqB^ajeJ<3 • sutueAooq^u? uBq:j. aaq^o spxouoAPXj jo sx^Aax S£ 
psas^x^ sapxAoad sjo^opj uoT^dposuei^ ;roj bujpooua sauab aaoui 
jo oMq. jo uox^Euxquioo e ^eqq. punoj uaaq seq ^x Ax^uxsxjdans 

•ja^ouiojd b o^ pa^uxx 

Axq^jado buxaq aua6 qot^a 'oq.aaaq^ ^uax^Axnba Axx^ uo T^ oun J 
aouanbas e jo 'sxsaq^uAsoxq pxouoAPXJ xo^ovj uopdposu^a^ 

q,ua:iajjTp e buxpooua qoea sauab ajom 10 OMq. ^u^x^ PT^ S °^^T 
6ut^bioc[joout buxsxjduioo suxu^Aooqq.ue ucqq. zaqq.o spxouoAEXJ 
jo sxsAax paja^x^ buxq.xqxqxa jo axq^deo ^u^xd e buxonpoad 
joj poq^aui e sapxAoad uoxq.uaAux aq^ '^oadse 3sjxj e ui 



N0IXN3ANI 3HJ. 30 AHWfWflS 

•auips aq} Axx e T^ up ^ s q ns 
suxeuiaa ^uexd 3U .^ J° .znoxoo aq:; ^nq 'peseeioui sx s^uaxpaabux 
axqp^T S3 P J° ^unouip aq:} pumj auo aqq. uo q.eq^ qons 'uoponpoad 
uxupAooq^ue ut aspajoux x e T1 u1B: *- s q ns p buxpxoAB axxqw 
'joa^aq^ s^ied oxjxoads jo sq.u^xd ut suxueAooqque ueqq. aaqq.o 
spxouoAPXJ 1° sxsAax sqi aoupqua paau v sx azaq^ a^oui^aq^jnj 

•s^uexd ut 'sxouoAexj JexnoT^ied ut ' suTueAaoq^ue ueqq. J3q^o 
spxouoA^xJ J° sx^Aax ^q^ buxou^qua joi spoq^aui 10 quawdoxaAap 
aq:; zoj paau buxnux^uoo e suxeuia:r a:raqq. 'AxbuxpjtooDv 

jo uoTSssjdxs jo sueaui Aq sq.uexd ut suTU^Aooq^up 
upqq. aaq^o spjouoAPXJ 3° uox^judju^m aL R J° ajn^eaa^xx ©q^ 

ut aansoxosTp ou st aaaqq. osxv *spTouoAEXJ 3aqq.o jlo sxouoahxj 

* 

jo sx^ A9 I 3t n °^ pa :} ex 3-* zoo Ax^oBJTp aae suxupAooq^ue jo sx^Aax 
^.Bq^. uijtjuod qoTqM aar\^pj;aq.TX sq^ ut s^aodaa ou aan ejaqj, q 

•sauab jo uoppiodjoouT auabsuej:^ Aq pauxt^qo aq pxnoo 
qoxqM s^oajja aq} joj sao^OTpaad axqexx^ pasn aq ^ouueo 

sanbxuqoaq. quauipjiequioq axoT^^d ^q 3 no pax:r:re3 s^uauixjadxa 
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:raqq.aboq. s-qonj^suoo asaqq. buxsxadwoo s^uBid joj sapXAOJd osx^ 
uoxq.uaAUx aqx * suxupAooq:;up upq:q jaq^o spxouoAexj aonpoad oq. cj£ 
:qupxd jo Aq.xxxqp aqq. buxja^x^ Aqajaq} 'ApMqq.pd oxq.aq:;uAsoxq 

Pxouoapxj aq:q jo sauiAzua buxpooua sauab buxssaadxaaaAO 
ux x n Jssn s^oni^suoo asaqq 'XT 3 ^ ^trpxd p o^ux paui-xojsupjq. 

uaqw * aaq.ouio;rd p oq. pa^uxx Axq^aado buxaq auab qopa 
'joa:raq:q aouanbas ^uax^Axnba Axx^uox:qourtj p 20 'sxsaqq.uAsoxq q£ 
pxouoAPXJ JO J :ro:qopj uoxq.dx;rosup:rq. ^uaaajjxp p buxpooua auab 
qopa 'sauab ajoui 20 om^ jo uoxq.Puxquioo p joj buxpoo saouanbes 
buxsxaduioo q.onaq.suoo vfqa ^ sapxAoad :raqq.:mj uox^uaAUx aqj, 

*uoxq.uaAux aqq. uxqq.XM papnxoux 93 
osxh 9ie spxjqAq pup sq.upxd qons jo Auaboad pup sq.xn:ij 'spaas 

-^xnjj aqq. jo qsaxj 

aqi ux 'sxouoapxJ Ax^exnoxq.apd 'spxouoAPXJ buxAPq ':*upxd o^puio^ 
p Ax^^xnox^^pd 'q^upxd bux^paq-^xnaj p sx papxAoad aaq^^nj 

*s:*upxd pauiaojsup:rq.un apxT^Ts °1 paapduioo ' sx SAa T 
XOUOAexj Ax^Pxnox^jpd 'uxupAooq^up upqq. aaq^o spxouoAPXJ 
jo sxaAax paoupqua buxAPq qxipxd pauiaojsupjq. p sx papxAoad osxv 

SI 

•pa^a^X^ S T suxupAooq^up upqq. jraq^o spxouoAPXJ aonpoad 
03 Aqxxxqp s^x :*pqq qons auiouab s^x o^ux 'Axqn^s Axq^ajaad 
'pa^pjodaooux sxsaq^uAsoxq pxouoapxj ^oj sjoq.opj uoxq-dxjosupjq. 
buxpooua sauab x^ uo T3TPP e aaoui ao OMq. jo uoxq.puxquioo 
p buxAPq ^upxd o^puioq. p sapxAOJd jaqqjrnj uopueAui aqx qT 

•paaa^x^ S T 

suxupAooq^up upq^ aaq^o spxouoAPXJ aonpoad oq. A^xxxcp 5 S ^T 
qons auiouab sq.x o^ux pa^pjcodaooux Axqp^s Axqp^aja^d 'oq^aaaqq. 
^uaxPAxnba Axx^uoTl^unj aouanbas p ao 'sxsaq^uAsoxq pxouoapxj 5 
joj jo^opj uoxq.dx:rosup;tq. quejajjxp p buxpooua qopa seuefisuBiq 
aaoui :ro OMq buxAPq ^upxd p sapxAO^d osx e uox^uaAUX aqj, 

•sauab asaqq. 
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Bsojvbv up uo pa:*e;redas J iu5g qaxw pa:*sa6xp sbm VNO 
6dg -s^u^xd o^euio^ 3tua6suej;-uou pue Dxua6sue;rq. 
jo ssAeax uioaj pa:*ex os T sew ^NCI i^uiosouioaqo -o^euio^ 
uiojj VNO "[PUiosouicatp jo ^ojq uaaq^nos p SMoqs a:m6xji 

•sousnbss aapeax snjci aua6 07 azxeui : + 07 
.'aouanbas aapeax ^noq^XM aua6 01 azxeui i^oq .'aua6 jo 
azxeui : 10 i Joq.euxuiaeq. aua6 ^xunqns-xi euis esexAxoqjPD 
aq.eqdsoqdsxq asoxnqxj ead :oqj^ i ao^puxuuoq. 
aseq^uAs auxx^dou : souj, .'aa^ouioad sg£ paouequa 
axqnop (AW^O) shjxa dxbsow jaMOXJTT n ^0 :s££Pd 
,'aa^ouiojd aspq^uAs auxx^dou :soud : suox^EXAajqqv 

(s) *'0O2Osq<* <p) .'oeoaed (o) .'ozoead (q) .'oioasd (*?> 

s;dhj;suoo aua6 oxaauixqo jo uoxJbaa VNd-iL ^qi SMoqs £ aanbxj 

* eased 

pue NVM-AidO^ spxuisexd 30 sdeui uox^Dxa^saa SMoqs z aanbxji 

■ ewond 

pue ZHOVid 'dVOnd spxuisexd jo sdeui uopop^sei SMoqs x ajnbxji 



:qoxqM ux s6uxmpjp buxAueduiooo^ 
aqq. q^XM jcaq^a6o^ p^as uaqM 'uox^dx^nsap 6uxmoxx°J at H °1 

Aq poo^siapun Axx n ? Q^oui aq Aeui uox^uaAux ^uasaad aqj, 



SDNIMVHO 3HJ. 30 NOIidlHOSaa 33IH9 

*uopu9AUT aqq. oq. fcuxpaoooe ^uexd e 
6uxsx;cduiOD s^onpozd aAx^3aq.oa:d axpq pue ux^s a:re papxAoad osxv 

•papxAoad 

osx^ bib uox^uaAUX aq^ 6uxpaooop paa^dajd q.uexd h 6uxsxaduioo 
'sdnos pue sdnqo^a^ 'sbuxssajp y saones qons s^onpoad poo^ 

•joaaaqq. Auafccad pue s^thjj 'spaas q^xM 
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•paq.POXpuX aJP 

suodA~[£>v pup ux^aojanb jo s^paj -s^upxd 

o^puio:; pauiaojsupj^un jo s^xnaj pea uiojj enssp 
qsaxj (a) pup jBBd J° st}Op;rq.xa pasAx°JpAq jo 

'uiuo££ ^ B pepo:ooea 'suipjfco^puiojqo o^EdH TeoxdAq. SMoqs 

•paqdp;t6oxpp;t:o:|.np pup aqoad 
OTjioeds 07 pax ac l e I 0 TP e:r p M^T M P as TPT :rc l^ I -l SPM 
VMO ^MI '^a^XTJ uoxAu p oq. psq.^oxq pue x^6 asoapSp 
up uo pe^papdes 'IBTD/1IT&8 t-[3T M pa:*sa6xp spm VNa 6rf 
g -s^upxd o-^puio^ oxuabsupa^-uou pup oxuaSsupjq. 30 
S3AP3X uioaj pe^pxosx spm VNd x^ 0201110 ^^ "O^puio^ 
uiojcj VNd x euiosouIo:c M 0 3° ^oici u^aqq.nos p swoqs 



8 eanbx^ 



oe 



• paqdPjBoxppao^np pup aqoad 
DTjtoeds II^cJu pax^Q^TOTP^^ p M3T M P^STpx^qAq spm 
VNa ©qj, "^a^xTJ uoxAu p oq. pa^^oxq pup x af > asojpbp 
up uo paq.p:ipdas 4 1 p TO / 1 1 T^ff M^T M pa^sabxp spm VNO ^ 
5 *s^upxd oqpuioq otu96suhi;-uou pup oxuaBsupaq go 
saAPsx uioaj pa^pxosx spm VNd x emosouIO:ri -l3 "o^puioq. 
uioaj VNQ x euj °souioj:qD 30 qoxq u^aqq.nos p SMoqs 



OZ 



9 ainbij qi 



'OTOBQd uioaj pupq-iooM g*X JsuxsxpxaqAq 
aqq. squxod mojjp aqx -paqdp^boxppjioqnp 

pup aqoad oxgxoads 7:3 paxaqPX°TP^ J 

p q^xM pasxpx^qAq spm VNCI aqi, "Ja^xTJ uoxAu p 03 
paq.}oxq pup x^6 esoap6p up uo paqpapdas ' (g x auec *) 
ioo/tf pup (v x^upd) 1^003 q^XM paqsafcxp spm VNd 
bri q • squpxd oq.PUio:* oxuabsupjq-uou pup oxuaSsupjq 
jo saAPax moaj paqpxosx spm VNO X "s^ 10 s 01110 ^MD * oq.pmoq. 
uiojtj VNQ x^ mosouIO:i:iL P jo IGTQ uiaq^nos p SMoqs 



01 



g aanfcxj 



*;taJ5pwx-oxq p buxsn 'paqdpjboxppjroqnp pup 
aqoad oxjxoads jjq.du paxaqpxoxppa p q^XM pasxpxaqAq 
spm VNQ 3m, *jaq.XTJ uoxAu p oq paqqoxq pup jb£> 



6 IfrOO/66 AZ/XDd 



- 6 - 



*6U€/66 OAV 



q.upxd p (g) pup :*upxd pauuoxsupjt^un up (v) jo s^xnjj 

paa uioaj anssx:} qsaxj xo s^oea^xa pasAxo^pAq-uou jo g£ 

'wuq$£ papjooaj 'suieaBo^euioaqo oidH TeoxdA^ SMoqs £X s^nbxjf 



• sapxsooAxb aAX^oadsaa 
axaq^ uioji paAxaap 3ie suodAj6p xo^jcfo 13 ^ 
pup ux^aojanb pup 'auoox^t-PT^ 11 5° uox^pzxjauiosx Q£ 
uicai paAXjap sx uxuabuxjpu *a*x 'sqopci^xa 
pesAxojpAq mojj pa^PxnoxPO bjsm p^po -s^upxd 
o^puio^ pauixojsupx:} pup x 0:r ^ uo0 ©uios jo s^xnxx 
aXotjM uiojj s^opa^xa ux uxuabux:rpu pup (xo^ajduiap^ 
snxd ux^aojanb) sxouoapxj x e 303 3° sx©Aax SMoqs z\ 9-znbxj 



• sapxsooAxb aApoadsai 
xxaq:v uicai paAXcrap ajp suooAxbP xo^aiduiap^t 
pup ux^aoaanb pup auoox^^PT- 1 ^ 11 3° uox^pzxjauiosx 
uioaj paAxaap sx uxua6ux:ipu -a-x 'sq.opj^xa 02 
pasAxoapAq uioai paq.PxnoxPO aaaM p^pa •q.onj^suoo 
auab (s-^upx^ pauiaojsupaq. 20 saxaas 000£) OOCDQH^ 
aq^ xo (s^.upxd pauuoisup^:* jo satiss (66^2-0002) 
002389^ 3L n ^aq^xa q3-T M pauixoxsupa:} Axx n J ssaODns 
sq.upxd pup s^upxd x o:c ^ UOD auios uiojci sixnxi pax gx 
jo qsaxj moxx s^oei^xa ux ( (MQ) 3-qbxaM Axp 6^/6ui ux) 
uxuaSuxxpu pup lo^jdta 3 ^ 'uxq.aoaanb jo sx^asx SMoqs xi ajnbxj 



'^ona^suoo auab O0£099d aqq. q^XM pauiaoxsupxq. 
q.upxd p (g) pup q.upxd pauixoxsupxqxm up (v) jo oi 
s^truj pax uioxj 9nssp qsaxj jo sr^opx^xa pasAxoxpAq 
jo 'uiuol£ papxooax 'suiPxbo^puioxqo-oidH SMoqs oi sxnbxd 

• auipu 

punodwoo Aq paxpoxpux axp auooxpqo-uxuabuxxpu to g 
pup sapxsooAxb-xouoAPXJ luaxaxixp jo s^paj -s^upxd 
o*xpuio:* pauucoisupa^un io stixnxx pax uioxx anssxq. 
qsaxj (a) pup jBBd (v) jo s^opa^xa pasAxoxpAq-uou jo 
'uiuo9£ }P papxooax 'smpx6oq.PUioxqo DldH X HO T^^ swoqs 6 axnbxji 
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:++ r^qbxaM qsaaj 6>{/6ui 01-2 : + .'}q6xaM qsaaj 6j(/6ui 

Z> : "TX9M se U3ax6 si sq.xnjj sqq. ux pa;irtspaui <j£ 

TcaejduiDB:* jo x SA3 I ai H 'q,upxd qopa ^oj • (i£0£ 

jaquinu) 00£Dggd ao (spjeMuo 00S2 paaaqumu) 092099^ 

s^onaq.suoD aua6 axqnop SL R H^T M pauLxoxsupj:}. s^uejd 

jo pup y (spa^Muo 00E paaaquinu) O£0993 JO (spaPMUo 

002 peaaquinu) 02D99d ' (spaPMuo 00T peaequinu) Q£ 

01399^ s^onjc^suoo auafc ax^uxs 9T -R M1T M pauuroxsupjr:} 

s^uexd jo '(fr00 Jaquinu) :j.upxd xoa^uoo p jo s^injg 

paa ux 'dAo auab 8Ai;n^psuoo aq} oq. aAX^Pxaj 'TJ 

pup oq sauafi Ajro^pxnbazr al R J° uoxssajcdxa aq:; SMoqs XZ ajxn&xj 

'052099^ pxuispxd J° deui uopoia^S9J p swoqs 02 ^^n6xj 
*83^I»d pxuispxd 3° d^ui uot^otj^ssj p SMoqs gx s ^n6xji 

•00e099d 02 
pup 002099^ spxuispxd J° sdpui uot^dti;s9j SMoqs 81 ajn6xj 

"0£399<3 pue 

02399^ '0I399<3 spxuispxd J° sdpui uopop^saj SMoqs i\ aanSxj 

51 

• ooedvud 

P U1? 002<3VUd spxuispxd J° sdpui uopoia^ssj SMoqs 9X aanbxjj 

'OedVl^d pup 

OZ<3VL3d 'OldVT^d spxuispxd jo sdpui uopou^ssi SMoqs sx a^nSx^ QI 

•UMoqs aap 

a6pq.s paz (o) pup Suxujnq. (g) 'uaaaB (v) ^p s^xhjj 

uioaj s^OPjq.xa pasAxozpAq jo uru 0££ }p papaooaa 

smpj6o^Piuoaq3 DldH *00£399d q^XM pauaojsupj:; :}UPxd q 

p uioaj s^xrvxi jo qsaxj ux sxouoapxj adA^-xoaaxdwap^ 

jo uox^pxnumoop ^uapuadap-Suxuadxj aq} SMoqs ^x aanfixj 

"00£399d q^T M pauuoxsupjrq. 
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-paqpoxpux aie s^pad paxgxquapx jo sauipu pup 
sauixq uoTq.uaq.3H *00£D9Sd qqXM pauuojsup;rq qupxd g£ 
e (H) P^e qupxd pauuojsupjqun up (v) jo sqxnjrj 
paa axoqM uiojtg sqopaqxa pasA~xo:rpAq-uou jo 'uiuo8Z 
qp papaooaj ' suip jboqpuiozrqo oidH iHOtdAq. SMoqs £3 aanfcxji 

-paqpoxpux aie s^pad paxjxquapx jo sauipu pup Q£ 
sauixq. uoxqua^a-a 'OOCDHQ^ M^T M pauiaoj sup:tq qupxd 
p (g) pup qupxd pauuojsupaqun ue (y) jo sqxnaj 
paa axoqM uiojj sqopjqxa pasAxoipAq-uou jo 'uiuo9£ 
q.p papjooaa 'suipjfcoqpuiojqo OTdH i^oxdAq SMoqs 93 aan6x^ 

S3 

*X^UPd jaddn aqq 

ux pa-qpoxpux aap qupxd pauijojsupjq aqq ux paspaaoux 
aaaM qpqq saxoads pxouoapxj 5° P^qosds aoupqaosqp 
pup sauixq uoxquaqaj aqj, *qupxd pauiJrojsupaq 

-00^399^ e 1° sq.xnjj paj axoqM uiojj sqopaqxa Q2 

pasAxoapAq-uou 30 'uiuo83 3 e papaooaj 'uipaBoqpuiosqo 

DT;<3H ^ J° TT^^P p J° ^ojd xapux-uinzrqoads p SMoqs 93 aan6x,3 

•saoqpuioq. x 0 ^ 1 - 100 uioaj paapdajd saqspd oq pajpduioo 
sp saoq^puioq paniaojsup^q uiojj pa^pdaad saqspd gx 
oqpuioq jo sanxPA ^oxMqsog jo uosxjpduioo p SMoqs £3 smbij 

•saoqpuioq xo^quoo uioaj paapdaad saqspd 
oq paapduioo sp saoq.puioq pauiaojsup^q uioag: paapdajrd 
saqspd oqpuioq 2.03 soxqpa qaxx ac * uinjas SMoqs £3 aanbxj oi 

• squpxd 

oqpuioq (q) pauiaojsupjq-QOEOasd pup (o) x OJ ^ UOD 9^os 

jo sqxnaj paa jo (sanxPA 0V3i) AqxAxqop quppxxoxqup 

pup (uxuafcuxapu pup x 0 ^ 0 ?^ 1113 ^ 'uxq.ao:ranb) g 

XaAax pxouoapxj x^^°^ uaaMqaq uoxqpxaJ oqq^ swoqs 33 a^nOxj 

* qq6xaM 

qsaaj 6>(/6ui q^< :+++ .'^q6xaM qsaag: Ofr-TT 
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N0IXN3ANI 3HJ. N0IXdIHDS3Q QSTIVXaa 



• (sa^nuxui) auit^ uopue^ei 



:stxp-x ' ( 9 0T x 8 = %00I) Oli afeH^ueoasd :sxxp 
-A * a:*PxA3XXPsxAq:;aiii jo (shsjp }[pad pa^paba^ux 
q^TM) uoT^xsod aq^ se^eoTpui mojjv "002399 c * U3T M 



oe 



pauijojsupj} ^upxd ^ (a) pup 0X099°^ M^T M pauiaojsupa^ 

^up"[d p (o) 'OZ099d q^XM pouuojsupjt:} q.upxd 

p (H) ':}upxd xoa^uoo pauuojsupj^un ue (v) jo s^titijj 

o^puioq. pbjc Aq paonpo^d saxx^PXOA jo 'pap^ooaa (Oil) 

s^unoo uot x e: *oi. 'suiP-iboq-Puioaqo SW-DD xeoTdA^ SMoqs 0£ a:m5xj 

* (01 = u ''p*s + supaui) s^uexd xojq.uoo 
jo sxaAax s^uasaada^ ^oxd qopa ut jpq ^saxji 

■ (squpwjojsupj:}. pup sxoj^uoo q^oq) auooxpyoxapu 
jo uox^pzxaauiosx uiojij pup (Axuo s^upuijiojsupj:} ut) qZ 
sapxsooAxb-uxuabuxjpu jo sxsAxoapAq uioaj paAxo:ap 
st uxuabuxapu *a-x 's^opaqxa pasAxoapAq uiojj 
pa^pxnox^ 3 ajaM pup qqbxaM qsajj by[/bw ux passajdxa 
a^p sxaAax pxouoapxj • s:;upxd o^puioq. peuuojsupj; 

pup x oj: ^uoo jo sqxnaj axoqM ux DX<3H Aq paanspaui gx 

uxuabuxjpu pup uxqaoaanb ' xoaajduiap>( ' (xoaajduiap^ 

snxd uxqaojanb) sxouoapxj x p 4°3 JO sx^Aax SMoqs SZ s^nbxj 



':rpq }jax) sq.upxd x 0:I: * U0D pauuojsupjqun jo s^xnaj 
paa ax°M M 3° s^OPa;x9 pasAxojpAq ux (xo^ajduiap>i 
snxd ux^ao^anb) sxouoapxj X e ^°^ 3° sxaAax sq3 SMoqs qz ajn 6x^ 



' (66fr£ 



-000£ pajaquinu) 00£399d pup (66^2-0003 pajaquinu) 
003399*3 sqona^suoo-auab axqnop aq^ q^XM pauiaojsupa^ 
s^upxd auios sp XI 9M SF '(spjpmuo 00£ pa:caquinu) 
0E399d pup (spjhmuo 002 paaaquinu) 03399d ' (sp^pmuo 
001 paaaquinu) 0X399°^ sq.Dnaq.suoD-auab axbuxs 
aq} q^XM pauuojsupa^ s^upxd '(01 = u '*P"s + upaui 



01 
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•a3m«u ut p«. T =°=« All™*™ }OU s a=uar,bas 
pp , 3T a T =nu 6u W *» ap3,oa T -»*T°° . *T « Se 

■p 9ss a3d*a aq TTT M »™» -3a 3 oulo3d a M , 

,. , mo ,oC saouanbas 33301103d pus auafi am 

30 «cdn 'paUfoC ™ t=TJI ns aouanbas 

3a„« -pac^osu^ a, o, « am «oTT. "J^™^ . q , nB 0£ 
, ue . T 3a,o„o3d am -^-or^ ^ , « 
UT 3a:>ov«o3d am o, pajoauuoo 30 pauomsod s. 
30 -aua6 am su*a W „s3«=u,03d 30 auo « paH u TT AW™*. 

.. ss uem a30» P a33a3a3d ,so», •«» -m ^'"Vam „ 

-Sbb « = TT ai!l DUB S3U3& SUA S3 

,on Q asBai is -6-9 siua T BAxnba T^oi^unj *xau.:v P UB 

aui TTBq-aAa) Aboxouiou. 30 aaabap UDxu. b . 
uaaM^aq (poq^em TT«<* * ' TTT1S uotum 

j Tm , nT n 3U ni JBTXUIXS 3ABU. TTT^ fa ^ ' 

, T . oiaTSI , -sax^aadoad iBUOi^ounj i . . 

ATq^aja^a " , n „ s:iTe pU B sax^adoad TBUOXiounx 

(s aua6 pawnm -fi-e) «»ua6 P^T* P ub 

o aACT TTxas UpxUM s^uauibBJj auab pa^WTT 1 

aexxuixs 3abm TTT^s 4 .h OItnTn3un i am pa^xoaaddB 02 

„ ,nq apnTOUT ™bas ,ua T BAxnba ^ P • 

„ TTTM .t -sax^adoad T^T^J aBTTUixs seu U .4 

aq TTT M • n ., I3U1 nuaxBAxnba 

uxa.ozd b sapooua qoxu* aouanbas Aub sx o*a«i» I . 

UT ^ ' anb8S v . warned W * o* pa^uxx A T qBaado aua6 

ATTBUoxiDunj aouanbas V r fl3ISU n p ub aa^ouioad 

« nnTBsaadxa 30 xaAaT am aouan T iux Aqazam 
e jo uoxssaadxa 5 ^ , oloeI uondT306UBi% V 91 

e uaxm aoBaaaux ueo upxuM uxa^d b sx u zoW u . 

•uox^dx.osuB^ jo uoxWTUT w saAX,p upxu« 

-htsiojcI b Buxpooua saouanbas 

r- sua buxpnTOxa pus uxa^oaa e . ^ 
aouanbas ,5 341 jj^k l nanxDOUi 

XTTPinieu IO saouanbas VNQ ox^a^uAs ao paxixpo 
SuTimooo A^TBan^BU au 

,„ T3 ao^d b buxpooua aouanbas VNQ e sx ..auab,. 
buxpn^oux 'uxa^oaa k . k 

• apxsooA"[b 

e JO uooAxBB ub aq A T qB, T ns Abux ,.TOUoab T3ii b ,0 1iPT ouoab T3u . 

•spaas jo saABai 's^xnai sb Mons S 
««d ^uBoxxxubxs ao ^uBxd a T ou.M J° asn a^ P ub 

;:™ :;tio 3 :a3, ^ ^ r rr 

.aAaMOU. A T qBaa 3 a,d BTT« ^ 
.0 'xoaaaxn ,0 ,UB T d axou* b sub 3UI ...uBid, uxa, U. 
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•upaq-Aos aqq pees aaMoxjuns 
aqq *6-a sq.;tpd Suxoapoad XT° at t^ U T p9seaioui Axqp:raja;zd g£ 
aap suTUpAooq^up upqq aaqqo spjouoapxj aqq. s^upjd 6uTonpo:rd 
Xxo jtoji *uaq.pa Axx euLIOU a:re 3eq3 axqpqaBaA J° sq.:tpd asoqq. 

ut paspaaouT 9iB sujupAooqqup upqq. jaqqo sptouoapxj 3-^Mq 
pajrjajajd st qT saxqe^aBaA jcoj axduipxa ioj -squpxd aL R J° 3J^d 
p ^seax 3.P ux quajpddp st suTupAooqqup upqq jaq^o sptouoapxj 0£ 
jo aspaiouT aqq qpqq paaaajajd st qx Axx^T^tL 'paspa:rouT 
aq Apui 'sq.upxd ut 'sxouoapxj Ax^pxnojqapd ajoui 'sptouoapxj 
jo sxaAax 'uot^usaut aqq. jo supaui Aq 'AxsnoaBpquPApv 

• saoqpmo:} oq. pajxddp st uopueAUT aqq. jo poqqaui 
aqq Axqp^ajajd qsow * saxqp^sBaA pup squpxd BuTonpoad XT° 
payxddp aq upo uopu^AUT ^uasa^d aqq Axsnoa6pq.uPApp Axx e T osc * s 3 

• squpxd 15 Q 3- sp 

qons squpxd axqpqopjqxa 10 'adpj pup upaqAos '.xaMOXJuns sp qons Q2 
squpxd BuTonpoad XT° 'qupxd Aj^aqMPjqs p sp qons squpxd BuTjpaq 
-qjnjj 'qupxd o^p^od pup snBpapdsp 'aaMOXJTxnpo 'jxooooaq 
'qupxd pad p 'qoPUTds 'qupxd oq.Puioq p sp qons saxqpqaBaA 
aap squpxd pooj jo saxduipxa -sasodjnd pooj joj pasn Axx^^ou 
ajp qoTqM squpxd pooj a:PxnoTq.;rpd ut ajroui 'squpxd axqxpa gx 
oq paxxddp sq.T uot;u9aui aqq. Axqpaajaa^ -squpxd jo AqsxjpA 
ppojq p ut suTUPAooqqup upqq. aaqqo sxaAax ptouoapxj 6utspsjdut 
aoj pasn AxsnoaBpquPApp aq Apui uot quaAUT aqq jo poqqaui aqx 

•saqnoj uoTqpoTjTpoui ox 
oTqauaB Butsh Aq *6*a sjo^dpj uoTqdTaosupjq. Bujpooua 
sauaB OMq aqq qqTM paui;rojsup:iq Axq^qs aap squpxd aqq AxqpJSja^a 

* STsaqq.uAsoTq ptouoapxj oloj saoqopj uoTqdTaosupaq. Bujpooua 
saua6 aaoui jo OMq qupxd aqq oquT Bux:qp:rod;roouT Aq paqpxndTUPui q 
aq upo 'squpxd oqpuioq. sp qons squpxd axqTP^ * Ax^PX^OTqapd 
'squpxd ut sujupAooqqup upqq jaqqo sptouoapxj jo sxaAax 
qpqq Butputj pa^oadxaun aqq uo paspq st uoiqusAui q.uasaad aqx 
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st oqpuioq. aqq jo qsaxj aqq. ux sxouoapxj jo jbabj aqq Axqp^ajacra 

•sopsp9^Deaeqo jnoAPXJ pup 9ApeAJ8S9ad 'x^uoT^T^l™ 1 
paoupqua q:*XM saoqpuioq. buxonpoad Aqajaqq* 'spxouoAPXJ uxpquoo 
Axx eui:tou ^ ou saop ^pqq. anssxq. p '^xnjj o^puioq. jo qsaxj a ^ 
ux aqq. ux 6uxsxjdjns ajoui U9A9 pup 'qxnjj o^puioq. ux sxquoapxj 
Ax 2Pxnox:p:pd 'suxupAooqqup upqq aaq^o spxouoAPXJ 1° I^Aax aqq 
aspaaoux oq. axqxssod sx qx qpqq punoj uaaq spq qx Axx e3 TJT 09c3 S 

•squpxd ^1 J° sqjpd oxjxoads ux aspajoux paaxsap aqq 
apxAOJd upo sjo^opj uox^dxaosupjq aq^ Buxpooua sauab aqq joj 
saouanbas Ajoqpxnbaj aq^ jo ajoui jo auo jo aoxoqo pup adAq. aqq 
Axx^^T^Aq qpqq punoj uaaq spq qi *oqa paas aqq. ux paspaaoux 
st x 3AS I snoa6pq.uPApp sx qx paasadpj jo paas aaMOXJuns 

'spad sp qons 'spaas axqTP a JO J 'uiaqs aq^ ux paspaaoux 
sx x^ AS T snoabpquPApp sx qx snfipjpdsp sp qons suiaqs 

axqxpa qqxM squpxd joj 'aaMoxj aqq ux pbs&bjcdut sx x^^ax aqq 
qpqq. saoa6pq.uPApp sx qx :taMoxJTX ne::> P U1S xxoooojq 'b'B saaMOXJ 
aqxpa qqxM squpxd joj 'qxnjj aqq. ux paspaaoux sx xs A9 T aqq 
qpqq. snoabpquPApp sx qx oq.a Ajaaq/APjqs 'oq.puioq. sp qons squpxd 
buxapaq-qxnzcj aoj -saAPax aqq ux paspaaoux aap sxouoapxj 
jpxnoxqjpd ux 'suxupAooq^up upqq xaqqo spxouoAPXJ jo x^ A ^T 
aqq qpqq snoabpquPApp sx qx 'pa} pup qopuxds sp qons sqonpoad 
pooj ux pasn 10 uaqpa Axx^ m:i:ou saAPax aqq. qoxqM jo squpxd 

aoj axduipxa jcoji *sq.upxd aqq jo sqjpd oxjxoads ux paspaaoux 
aq Apui 'sxouoapxj jo jbabj aqq jpxnoxqjpd ux ' suxupAooqqup upqq 
jaqqo spxouoAPXJ jo x^ A9 T 9 M3 ^sqq punoj uaaq spq ^x 'aaAoajow 

•uoxquaAUx aqq oq 

aouppjooop ux pauuojsupjq uaaq qou aAPq qoxqw squpxd jpxt^T 5 °^ 
pajcpduioo sp pxoj-uaq. qspax 4^ paajajaad ^soui 'pxoj-aAXi ^spax 
^p pa^jaiaad ao:oui 'pxoj-om^ qspax ^p Aq paspaaoux sx joaaaq^ 
^apd 'uaqpa Axx^ JOU 'pa^xsap aqq jo axoqM p sp qupxd aq^ 
ux sxouoapxj jo x aA3 T U T aspaaoux aqq jo/pup uxupAooq^up 

upqq. jaqqo spxouoAPXJ jo sxaAax aqq jo aspaaoux aq^ AxqpJajaaa 
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'ie ^9 ux^jpw aas) s:to:*Pxn6a:i x euo T^^T Josue:r ^ J° Ajtuipj qAm aqq 
uxq^TM UT3^oid p Buxpooua aua6 p 30 asn aqq. sauxquioo uopueAUT q£ 
aqq 'Axqpq.xns 'paAoxduia st sxsaq^uAsoxq pxouoAPXJ JO I sjo^opt 
uoT^dTJosuea^ fcuxpooua saua6 jo uox^puxquioo p 'Axqe^axa:^ 

•:}upxd o^puioq. aqq. st uox^usaux aqq. oq Suxpaooop 
asn 2:03 :}upxd paajaja-xd Ax^^X 113 !^^ V "Pa:* pup qopuxds 'spad Q£ 
apnxoux squpxd ^xq e 3T n S *uox^pui;roisue,iq. 03 axqpuauip st qoxqM 
qupxd Aup 03 spua^xa uox^uaAUx aqq. q.pqq. pa^pxoa^ddp aq XTT M 31 

■ suxupAooqq.up uiojj aajri Axx^T^ ue ^ sc [ ns Axq^Jaiaad ^soui 
'iqfixaM qsa^j 6>(/6ui x upqq. ssax paaaaja^d ajoui 'q.q6xaM qsajcj 53 
63(/6ui z upqq. ssax *6*a mox Axx^ n ^> s aaoxaaaqq. st uopuaAUT aq^ 
30 s^upxd pauiaojsupjq. 30 '^xnagp oqpuio:} aqq. 30 qsax? aq^- ao/pup 
Xaad aqq. axduipxa 203 's^apd qons ux suxupAooq^uP 30 x^ax 
aqq. uopu9Aui aqq. 30 sq.uauixpoquia pajjajaad ui * suxupAooqq.up . 

uicxx aajj Axx p T^ UP ^ sc [ ns Axx eujJOU lT nj J ai H 3° U sa TJ P up QZ 

Xaad aqq. sq.uPxd-o^PUio^ ux axduipxa aoj • suxupAooq^up 30 sxaAax 
axq^^3aq.ap uxpquoo ^ou Axx eui:t:ou °P joaaaqq. s^apd jo saupxd auios 

•ssax 2° suips aqq. ^noqp paaaajaad aaoui 'sauixq g*x upqq. 
ssax Axqe^ajaad aaoui 'squpxd pauuojsupjq.un ux x^ax aqq sauixq. gx 
Z upqq ssax st joajraqq. sqjpd jco sq.upxd pauiaoisupjrq. ux x 3A9 T aL H 
axduipxa joj 'qu^xd pauuojupaq.ua aqq ux x^ Aa T jpxT^T 5 s T 

(qxnjj aqq Aj jpxnoxq.apd) joajaqq. qapd pajxsap aqq. ux jo axoqM p 
sp qupxd aqq. ux suxupAooq^up jo jbasj aqq ajrojajaqq. AxqBJiaxa:r<3 

01 

•auips aqq. suxpuia:r joa^aqq. ^jpd pa^xsap aqq. jco ^upxd aqq 
30 jnoxoo aqq. }pqq. qons paspajroux Axnpun ;ou ajp suxupAooq^up 
jo x 9A9 T 9 M3 AqaaaqM 'qupxd aqq. 30 sq.apd pajxsap aq^ to xi B u T 
suxupAooqqup upq^ jaqqo spxouoAPXJ 30 x aA ^T U T aspaaoux aq^ 

oq saqpxaj uoxquaAUX aqq. 30 ^uauixpoquia snoa6p^uPApp aaq^Jtnj v 9 

- (^qbxaM 

qsajx) 6>(/5ui Q£ upqq. a^oui Axqeaaxaad ^soui ' (^q6xaM qsajj) 6^/6111 
OX ^spax q^^ pa^zajajd a;ioui 4 (q.qfixaM qsajrj) 6>[/6ui 3 ^spax qe 
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aqq ux paAjOAUT sauab jo^obj uoi^dTiDsuea^ adA^-oAui puB qAjv 
"ABMq^Bd oxqaqquAsoxq pxouoabxj b ssassod Axx^auab asaqq sb g£ 
sq.uexd .xaqbxq jpxriox^JBd u T 's^UBxd uioaj pauxB:;qo aq AxqB^xns 
Abui uopusAui quasaad aq} o} buxpjooos asn joj sxsaq^uAsoxq 
Pxouoabxj joj sjo^obj uoxq.dxjosupj^ buxpooua saouanbas auao 

*3UBxd oxuabsupjrq. 

bux^xnsaj sq} jo quaquoo pxouoABXJ ^1 buxABSSB Aq 'axdurexa 
joj 'sAbssb buxuaaaos aui;noa Aq pa^BnxBAa aq ubo Aqxxpuox^ounj 
aqj, * sxsauabp^nui paq.oaaxp-a^xs sb qons sanbxuqoaq. oxuabB:;nui 
umou^i Aq pajBdaad 'aouanbas VNd sq^ jo sasBq ajoui jlo auo 
jo uox^nqx^sqns p jo uoxq^axap 'uoxqjtasux ue Aq pasx ia^oBJBqo 
aq ubo aAxq.BAx;rap x euo T^ oun J V 'A^tat^ob x^T^ 0 ! 0 ! 0 ! jbxxuixs 
jo axqedeo sx qoxqM aouanbas VNO Aue quBaui sx H quaxBAxnba 
Axx euo T^ oun Ju ^8 -auoxo VNCP ^o oxuiouab aqq Aq papooua jo^obj 
uopdposuBJ^ aqq. jo aouanbas pxop ouxuip aqq oq. quaxBAxnba 
Axx eu ox^ounj sx qoxqM aouanbas pxop ouxuip up sapooua auipjj 
buxppaa aado^d ux qoxqM aouanbas b jlo 'auoxo VNO^ JO oxuiouab 
b aq Abui sxsaqquAsoxq pxouoabxj xoj aoq.OBj uoxqdxaosuBjq. 
p buxpooua aouanbas aqq. leqq. pa^BxoaaddB jraq^anj aq XXT M 31 

'(2£SI-6TST '(9661) 8 'TT^O 3UBXd 'X* ^ oubAow pub aAoqB 'xb 91 
qa Aauoow aas) uinujqzjjiue uioaj BXTT^a P^b 'ofrEQ^ 'SOCT^ se 
qons 'sxsaqquAsoxq pxouoabxj Joj sjio^opj uoxqdxaosupjq buxpooua 
sauab jo uox^Buxquioo Aub jo asn aqq oq spuaqxa puB uoxqBuxqmoo 
sxqq oq paqxuixx qou sx uopusAux aq-q qBqq paqBxoajiddB aq 
XXT M 3T ^ nc l Joqopj uopdiiosuBa; adAq.-oAur 07 azxBui aqq buxpooua gi 
auab aqq. qqxM aaqq.aboq JoqoBj uoxqdxjtosupjq adAq.-qAm jq azxpui 
aqq buxpooua auab aqq sasxaduioo uoxquaAUX aqq oq buxpaoooB 
asn joj sauab jo uoxqBUxquioo axqp^xns AxJBxnoxq^jBd v "azxBui 
uioaj g pup azxBui uiojj h J oq 7r I3a saoqoBj uopdiiosuBiq. 

adAq oAui jo saxduipxg -azxpw uiojtj ij puB azxBui uiojcj xd 'O^OT^ S 
'80£C[Aui 'qo£qAw aap sjo^obj uoxq.dxaosuBJ^ adAq. qAui jo saxduiBxg 

"(198-6^8 '29 '(0661) 'TI^D 'T^ bxMpm: aas) sao^Bxnbaa 

XBuoxqdxjosuBjq jo Axxuibj oAm aqq. uxqqxM uxaqo^d b buxpooua 
auab b q:*XM jaqqaboq (ZL-L9 '£1 ' (L661) 'soxqauao ux spuajj, 
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* (03PU103. aoj oxjxoads ^xnjj 'snbpjpdsp g£ 
20J OT^Toeds uia^s 'aaMoxJTxnpo P U1B xxoooojq JO J oxjxoads aaMoxj 
'seed pup s:;upxd buxonpozd jto zoj oxjxoads-paas 'paq. pup 
qopuxds joj oxjxoads-jpax *b*a) ua^pa aq 03 papua^ux aie :*pqq. 
sq.jcd asoq:* axduipxa aoj 'q.upxd J° s^jpd pazxsap oxjxoads 

ux uxupAooq^up upqq, ;raq3.o spxouoAPXJ J° uot^puuoj aoupqua Q£ 
ao sonpoi^ut oq. pasn aq ppax Apui Aaqq. qpq:}. ux snoabpqxiPApp 
aq Axx en ^* a ^ eui s-iaqouioad oxjxoads-anssx^ jo asn aqx "ApMqqpd 
pxouoAPXJ 3^ ut squaxpajbux aaoui 10 auo 3:0 sasop (xpq^ax) 
qbxq AaaA jo uot^puijoj aqq. quaAaad Apui qx ^eq^ ux snoabpquPApp 
si aa^ouioad SApn^i^suoo auo qspax IP jo asn aqq. q.pqq. paAaxxaq qz 
si ^1 'oxjxoads anssxq 10/pue aAxq.n^x^suoo-uou aaq^xa sx qoxqM 
ja^ouioad p 03 pa^uxx sx sauab aqq 30 auo qspax ^p Axqpjajaaa 

* soxq.sxaaq.opjpqo qons jo suoxqpuxquioo snoxaPA aAPq 
1.0 oxjxoads-anssx^ ao 'aAxqnqxqsuoo 'axqxonpux aq Apui uoxquaAux Q£ 
aqq oq. buxpaooop asn aoj sjaq.ou10.2a *(L£fr-T£fr y £2 'soxqauao 
*Aan "uuv '(8861) 'X e ^ a buxsxaM ux 'axduipxa Jtoj 'paqxaosap 
sp '^;cp ux umou^i XT aM 9:r P squpxd ux uoxssaadxa jloj x n J^ sn 
' (sxsaqquAsoxq pxouoapxj J03 jio^opj uox^dxaosupjq. p buxpooua 
auab p 03 pa^uxx Axqp-^ado Axx ejn 3 pu 'st qpqq) aua6 aqq gx 

oq snoboxoaaqaq 10 snoboxouioq aq Apui qoxqM 's:raqouio:rd axqpqT n S 
•paqxaosupjq aq oq \f&ci ^3 moxx^ qoxqM saa^ouioad axqpqxns 
ajoui 10 auo 04 (30 buxuoxqounj aqq a:msua oq pauoxqxsod 'sx 
qpqq) pa^uxx Axqpaado aq XTT M qsaaequx 30 saouanbas aua6 aqj, 

01 

* sauab jroqopj uox^dxaosupaq umou^ uo paspq saqojd YNQ q3-T M 
sanbxuqoaq uoxqpsxpx.iqAq Aq axduipxa jloj 'saxjpaqxx auab qupxd 
moaj paqpxosx aq pxnoo sauab quaxPAxnba 'AxaAxqpu:raqx\f *aojnos 
pajjaja^d Ax^pxnoxqjpd p sx qupxd azxpui aqq 'uoxquaAux quasaad 
aq^ jo ;x9;uoo aq^ ui - (ZTSI-L6frI '(£661) 'S 'TT^O l^Td 5 
'X^ ^a oxqoooj^^pnQ aas) vjuniBj pup (t^96-9S6 '(2661) '89 'TT^D 
'X^ qox^poo^ 'axduipxa xoj 'aas) umurqzJTiue ' (aAoqp 'x p 

^a pAoxi 'axduipxa 203 'aas) azxpui sp qons saxoads ^upxd snoxaPA 
uxojj pa^pxosx uaaq aApq sxsaq^uAsoxq pxouoapxj 30 x o:r ^ UOD 
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paaxsap aqq qpqq. aansua oq. sdx^q aaqouiojd oxjxoads-qxnaj 
pue SAT^n^psuoo e jo uox^euxqwoo aqx *aaqouio;rd oxjxoads qxn;cj 
e *6*a jaqouiojd oxjxoads-anssxq jo aAxqnqxqsuoo-uou e oq paxuxx 
Axqi?J9do si sxsaq^uAsoxq pxouoAexi JO J .xoqoej uoxqdxjosueaq 
puooas e buxpooua aua5 p qsxTM* aaqouiozd aAxqnqxq.suoo 
b oq. pa^uxx Axq^aado sx sxsaqq.uAsoxq pxouoA^xJ JO J aoqoej 
uoxq.dxaosuBaq. q.sjxj e fiuxpooua auafi e 'jaAaMoq 'uoxquaAux 
aqq jo poqqaui aqq jo quauixpoquia pajjrajajrd e oq 6uxpaoD3\f 

• sjraqoiuojd oxjxoads-qxruj qua^ajjxp 
jo auies aqq oq pa^uxx aq Axqs^ado AxquaxuaAUOD Asui uoxquaAux 
aqq jo poqqaui aqq. oq fiuxpaoooe asn aoj sjoqoej uoxq.dx:r3sue:rq 
q^og "Sefr-eSfr 'QZ 'ABoxoxg jeinoaiow iu?xd J (S66I) 

*ie-qa ssPioqoxN ('299-199 'IT ''Toxa 'Tow 3U*x<3 '(8861) 
'X* qs P^T9) Od pue (fr£0T-£Z0I 'T 'TT s O ^^Td '(6861) 'T« 
qa sapaoo) ^3 '(0t>9-£Z9 J TZ 'T°TH T°W }ubx<3 'T« l a usae*H u*?a) 
IIV3 '(02ee-9Tee 'Z 'J? OQWa '(8861) 'T* upuiyxaa) aaqouioad 

S3 oqeuioq aqq apnxoux saaqouioad oxjxDads-qxnaj axq^qx n S 
* (aAoqi? y x^ 3-9 q6no:tqspxoo aas) qunxd aqq. jo qqx^aq aqq oq. 
snox^aq.axap aq oq umou^ sx squpxd oqpuioq. jo sanssxq. aAxqeqabaA 
ux oq jo uoTss9adx9J3A0 ' oxjxoads-qxn^j Axi^xoadsa 'oxjxoads 
anssxq aq Axqe^ajaad XTT M squexd oqemoq ux aoqonj uox^dxjosupjq 
oq azxnm aqq jo uoxssaadxaaaAO ux pasn gja^ouiojd 'uoxqpjqsnxxT 
jo Apm Ag * sanssxq aaqqo ux uoxssa^dxa 6uxqoajjB Axnpun 
qnoqqxM Axq^^ajajd 'sanssxq pajxsap uxpq^ao ux sxsaqquAsoxq 
pxouoA^xj JOj aoqoej uoxqdxjosuejq aqq jo uoxssaadxa sgsesjout 
jo saonpux aaqouioad oxjxoads-anssxq v • saoueqsuinojrxD uxpqaao 
ux aaq.ouioad aAxqnqx^suoo h jo ppaqsux aaqouioad pa^exn6aj 

Axx^ uauic * 0 T 3A9 P JO OT^T 03 ^ 3 - 3 ^ 3 !^ ^ 3Sn °3- axq^^T ss P 3C l 

• (aaqouioad „SSE ^iqnoa^ e oq 
paaaajaa) uiapupq ux saaqouiojd s$Z AW&D buxsxjduioo 'jaqouiojd 

sujxa oxesoui aaMOXJTI n ^° paouequa axqnop aq^ Ax^^xnox^j^d 
aaoui ao 'aaq.ouioad S5£ (AW^o) siijxa oxfsoui jaMoxjxxneo 
' (AH33) snjiA 6uxa paqoqa uopeuieo se qons saaqouiojd 
aAxqnqxqsuoo oq paqxuixx qou ao:e qnq 'apnxoux saaqouiojd x n J as n 
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paqxaosap si qoxqM q.ue^nui (mf) ^noq^TM uxupAooq^uG aqq. 'axduiGxa 
joj 'A}TATq.3e HJa ux q.uaxoxjap st qoxqM auxx 03.GU10:; g sg qons q£ 
'auxx q.up^nuj g ui passa:rdxa:raAo aq Agui sjo^dgj uoTq.dxaosueaa 
'AxeAX^HUJa^xv * suxuGAooq^uG jo uoxqonpoad aq:} ux daq.s iguxj 
aqq. BuxsAig^gd auiAzua aqq. ' (HJId) asp^onpaa louoABijoapAqxp 
jo uoxssajrddns asu9si^ue 6uxsxjduioo ds^s i6UOx:;TppB 
ue Aq axduiGxa aoj suxupAooq^uG jo uoissaidxa oq. aqnoi q£ 
aq:j. 6ux:>poiq Aq paqsxxduiooop aq Agui sxqq. 'quauixpoquia jaqq.:rnj g 
ui -joajaqq sanssxq paaxsap aq^ oco iuvjd PT^ S U T suxupAooq^ue 
jo x^ AS T ^q^ aoupqua AiiBXtiuGisqns 3° u °P puGq ^aq^o aq:* 
uo ^nq 'sanssxq. paaxsap aqq. jo q.uGid axoqM aqq. ux uxupAooq^ue 
upq^ aaqq.o spxouoAGXJ JO xaAax aq^ jo aseaaoux ug oq. peax pupq 53 
auo aqq. uo qoxqM uasoqo a^G sj:o^ogj uox^dxaosuGjrq. buxpooua joj 
sauab asoqq. aaojaaaq^ 'uox^uaAUx aqq. jo ^uauixpoquia paajajaad 
g ui -sxouoagxj jo uox^onpoad aqq. q.xuixi osig Agui ^nq 's^xnaj 
paanoxoo axdand BuxsGaxdun AnG3xqaq:).saG J° uox^onpoad aqq. ux 
s^x nssJ Axuo 30U suiuGAooqqup jo uox^guijoj aqq. sg axqG^xsapun Q3 
sauix^auios Agui sxqx -aB-xaAxp sAGMq^Gd uxuGAooqq.uG puG iouoagij 
aAx^oadsaa aqq. a:rojaq AGMq^Gd sxsaq^uAsoxq pxouoAGU aqq. 6uoxg 
uopTsod g qG a^Gaado sjo^ogj uoxidxaosuG-iq aqq jx AiJiGinox^jGd 
'suxuGAooq^UG UGqq. aaq^o spxouoAGXJ pup suxupAooqq.UG qqoq 
jo uox^GxnuinooG aq} ux }insa:i uoxquaAux aqq. jo poq^am aqq. 51 

oq. buxpjtoooG sxsaq^uAsoxq pxouoagxj aoj sjo^ogj uopdiaosu^jq 
Buxpooua sauab jo uoissaidxaaaAO ^Gqq. pa^pxoajddG aq XTT M 31 

•aa^ouio^d ga o^puioq. 
oxjxoads-^xnaj aqq. oq. pa>(uxx AxqGaado aoq.OGj uopdiaosueaq oq oi 
azxGUi g q^TM pauxquioo sx aa^ouioad AW^O SSZ axqnop aApnqiqsuoo 
aq} 0} pa^uxx AxqGaado jo^dgj uox^dx josuGaq. jo azxGui 
aqq Buxpooua auab g 'q.uauixpoquia pajaajajrd Ax^Gxnox^jGd g ui 

•papxoAG 5 

eaG ja^ouioad auiGS eq^ jo asn aq^ uioaj 6uxsxaG sauab paonpoa^ux 
aq^ jo uoxssao:dxa aq^ uo ( (i 6uxouaxxs aua6„) s^oajja Aao^xqxqux 
axqjssod ^Gq^ sx 'uox^Guxquioo g qons jo asn aqq. ux a6Gq.uGApG 
XGUox^xppG uv '^xnaj aqq. ux Ax^xgui paonpoj:d aaG spxouoAGXJ 
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qpqi) snoboxoaaqaq aq Apui pup Xiao q.upxd ^soq aqq ut x eU0 T30unj 

ac [ TTT M suoxbajr Aao^Pinbaj uox^puxuija^ pup aa^ouioad aqx cjf 

• Xiao qxiPid p ut xpuoxqounj uoxbao: 
Aaoqpxnbaa uox^puxuuca^ xpuox^pxsupaq. P UE xpuox^dxjrosupjiq. p 
pup sxsaqquAsoxq pxouoAexj joj jco^dpj uoT^dxaDsuei^ e buxpooua 
aua6 p 'TT^o qupxd s u T xpuox^ouuj :ra:}owo;id p buxsx;rduioo 0£ 
qopa sqxun ajoui jo om^ 'uopdiiosuej^ jo uox^oaaxp ,£-^9 aqq. 
ux sq.uauoduioo pa>[uxi Axqpjado sp buxsxjduloo a^q.asspo uoxssa^dxa 
up qoadsp jaq^anj p ux sapxAOJd uopusAUt aq^ 'Axbuxp:rooo\f 

•poqqaui 

uox^puiaoj supaq. qupxd x euo T^ u9AUOC> ^ U15 ^3 TT ao qxiPid ^ o^ut 
paonpoa-qux aq ueo qoxqM nao q.up"[d p ux xpuox^ounj a^asspo 
uoxssaadxa up apxAoad oq. saouanbas uoissaidxa aq.Px:rdo:iddp 
oq pasnj axp 's;raqouio:rd axqp^xns aAX^oadsajr 03 pa^uxx 
Axqpjiado 'saouanbas auab pajxsap aqq. 'aaAaMoq 'Axqpjajaaa 

*^ap aqq. ut umou>[ XI^m 
sanbxuqoaq uox^puixogsupj} qupxd iPuoxquaAUOD paonpo^d aq Apui 
sxpx;taq.pui buxq.apq.s aAxq.oadsaa aqj, • sanbxuqoaq. buxpaa;tq-sso:ro 
jpuox^uaAUOO buxsn joq.opj uoxq.dx josupaq. :taq^o aqq. buxssazrdxa c;x 
q.upxd zraq^oup qq.xM axpd aqq jo aoq.DPj uoTqdposueiq auo 
buxssaadxa qupxd auo 6utssojd Aq paonpo^d aq Apui uoxquaAux aqq. 
oq. buxpjooop sxsaqq-uAsoxq pxouoapxj JOj sioqaej uoxq.dx josupaq. 
buxpooua sauab jo uoxq.puxquioo p 6uiqpiodioouT sq.upxd 

01 

•daqs i^uoxqxppp xpuoxqdo up sp paonpoj^ux 
aq Apui uoxqpxnbaa: ^opq-paaj oq aAX^xsuasux aap :*pqq. APMq^pd 
auxuPXPlAuaqd aqq. jo sawAzua buxpooua sauab 'sxsaqquAsoxq 
auxupXPlAuaqd aspaaoux oq aapao ui -spxouoAPXJ quanbasqns 
pqp spxoupdoadxAuaqd jo sxsaqquAs aqq. ux aq.p;r:qsqns A-iPUixad q 
aqq 'auxuPXPlAuaqd pxop ouxuip aqq jo uoxqonpo;rd jo aqp;r aqq Aq 
paqxqxqux aq osxp Apui spxouoapij jo uoxqpxrmmoop 'a:roui;iaqq;mji 

*96fr-T6fr 'SOT '(fr66T) 'XOXsAqd qupxa 'IP ^ qbnojqspioD Aq 
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s^jpd q.uaopCpp o^ut pauoxo 8jb s^xun joq.puxuuaq./ausb/aa^oiuoad 
XPnpxAxpux aq:* '^uauixpoquia paj:iaja;rd Ax.zi?xriox:*:iPd e U I S£ 

•buxuoxo ut A^xxxqxxaxj moxx b °} S1S os 'sa:}xs 
uopoia^sai q.uaopCpp axdx^xnw buxuxp^uoo souanbes p sx q.pq"4 
'jra^uxxAxod p jo mxoj aqq. ux Axqpjaja^d eip sat^xs buxuoxo aqi 
• saouanbas buxuxoC Aq axduipxa aoj 'pa^px n cixueui jco paxjxxduip g£ 
aq 03 \f^a sq} smoxx 5 jojoba buxuoxo aqj, -saxaes ond aqi 
uo paspq asoq} aie siopsA buxuoxo x n J^sn Ax^pxnoxq-apa " (£TI 
-56 J Z 'aua^ '(LL6T) 'T* is jpaxxoq) 22£HQd pup (pbawoaa uioag: 
a T c l p TT PAe ) Waool ' (auabp^pa^s uiojj axq^XT^p) XdlHDSamad '(6691 
-S*9T 'IT 'q^eessH spxov oxaxonN '(C86T) T« ^ a^uaa) IQWSd qz 
' (90T-I0I '9^3 suao 'e86T) 'X e jrapueiJON) on<3 se sjo^osa qons 
buxpnxoux ^ib aq^ ux umou>i XT^ M 9Je saoq.oaA buxuoxo axqp^xns 
■ao^oaA buxuoxo axqP3T ns e o;ui s^xun joq.puxuiaaq./auab/o:aq.ouioad 
XPnpxAxpux aqq. buxuoxo Aq paaedaad aq Apui ubpusAUT 
aqq. 03 buxpjxooop a^^asspo uoxssaadxa aqq. 'Ax^uaxuaAuoo Q2 

•sxaAax pxouoA^xJ *oj. buxuaajros 
pup uinr^Bz^oBqojcBY pj a ^upxd }soq p o^ui uox^pulxojsup:*::}. 
Aq A;iAi;oe joj pauaaaos aq Axqp^xns Apui s^om^suoo auab qons 

ST 

-uoxbaa uoT^puxuua:; soux aqq. jlo (soqaj,) 
uoi6ai uox^puxuija^ q.xunqns xi euis esPxAxoqjeo a^pqdsoqdsxq 
asoxnqxa oooeqoq. aqq. apnxoux uox^uaAux aqq. oq. buxpjooop asn aoj 
suoxbaa uox^puxuiaa:; pajrjiajaad Ax^PX^T^^d " (S££l) Jo^par«/ja; 
S££ AW&D ^qi pup (semz) jo^earu/js^ asetftuAs surdouuvvi QT 
suaroejauinq. uinrjcaq.oeqoj:3Y ' (souj,) J03 puru/jra:? as&muAs surjedou 
suaroBjauinq. vinjJCB^oeqo^BY apnxoux pup ^jp aqq. ux umou^ xi eM a:tp 
pasn aq Apui qoxqM suoxbaj uox^puxuiaaq. axqp^xns *auab aaq^oup 
uiojj 10 pauxp^qo spm jaq.ouiojd aqq qoxqM uioaj auab aqq. 30 uox6aa 
i£ ^q^ uioaj peATiep aq Apui uoxba:c Ajo^pxnbaa uox^puxuija^ aqj, g 

*aAoqp paqxaosap aap pasn aq Apui qoxqM saa^ouioad 
axqp^T n S *auab aqq. pup XT ao ^upxd aqi o^ (saxoads ^soq ^upxd 
aq*} uiojj paAX^ap) snoboxouioq 10 (fiuiunooo Axx^^ n ^ eu ;ou 'sx 
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uaaq spq VN(3 pajrxsap aqq qoxqM oq.ux stupid 10 sijao 
4in?id asoqq. '^u©x d 20 sjjbo iuvjd aqq. 30 uoT^euuojsuej^ .xa^jv S£ 

pa^pxpaui - mnxaaqopqojbe uo saxxaj uoxquaAux quesaad aqq 
buxpjiooop asn jloj poqqaui pajiaajaad v •uoxqpjqauad ox^sxij^q 
A^xoojaA qbxq JO 'uox^ejodoj^oaxa J jooAx& auaxAqqaAxod Q£ 
buxsn 'uoxqoaCux-oaoxui sc spoqqaui qons apnjoux pup ^jp aqq 
ux umou^i Tia/A ajp s^iao q.soq oqux uot^usaut aqq. oq. 6uxp;rooop 
sqonjqsuoo VNO aqq buxonpoaqux jloj sanbxuqoaq uoxqeuiaojsupaj, 

•sjoqoaA pxuispxd 

xj, aqi apnxoux sjo^dsa axqp^xns Aj jpxnoxqjpa * (9861) uippaaqswv 
'aaxAasxa 'xpnupui Aaoqpjoqpx V •sjo^osa buxuoxo 'x^ I 3 
sxaMno<3 se qons saou9J9j8i x eo T UL t D3 ^ x e:r3ua ^ U T paqxjosap aje 
pup :}:ip aqq ux paxXT^ s asoqq. oq. umou>[ XT aM s^p sio^osa axq^xns 

•quaxoxjjns aq 

XXT M aouanbas \fNa paonpo;i:}ux aqq. buxsxaduioo :}upxd p 6uxonpojd 
jo ax^scteo sx qoxqM jo;o3a Aup qpq} paqpxoaaddp aq XTT M 
II "IT 30 (qupxd) ^soq a^px;tdo:iddp up ux uoxssa^dxa jloj paqdppp 
io^osa uoxssaadxa Axqpqxns qsoui / io^o9a p uxqqxM pasxaduioo 

sx uopuDAUi aqq oq. buxpjrooop qonjqsuoo VNd aqq Axqeaaja^a 

•buxuoxo-qns Aq ao saautx^d HDd ux saqxs asaqq. buxqpjodjooux 
qons spoq^aui x^ U0 T1 UBAU00 ^3 sauab aq-q oq. pappp aq Apui 
sa^xs uoi^dtj^ssj asaqx *qno qou op :qpqq. sauiAzua uopop^ssj oi 
joj paqoapas pup aspqpqpp apxqoaxonu ^uequa^ aqq uroaj paqopjtqxa 
aq Apui sauab aq^ jloj saouanbas apxqoaxonu aqq. 'Axqpqxns 

• Axiex^uanbas upqq jiaqqpa uoxqspj paqsau ux pabupjjp 
9ie saqxs uoxpu^S3i aqq. uxaaaqM qnq ^oni^suoo qxun axdxqx™ 1 9 
aqq aoj jroqoaA buxuoxo aqq ux quasajd 9ip sp saqxs uopou^ssi 
amps aq^ buxsxjduioo ao^oaA buxuoxo p buxsn paqonaqsuoo 
aq Ax^uaxuaAUoo Apui s^xun ao^puxuLxaq/auab/jaq-ouioad x^ n PT A TP u T 
aqj, • jojoba buxuoxo axqpqxns B U T saqxs uot^dtj^s9j jo 
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buxpaoooE squExd aqq jo asn aqq 03 saqEx©^ osx^ uopuaAui aqx 

se 

•pappE uaaq pEq aqxs uoT^oji^gai TO s V pue anbxun 
e 6utut^uod itoqdEpE oxqaqquAs e qoxqM orq NVH-AidOd pxuiSExd 
jo aAxqEAxaap e '£D99<3 pxuiSExd jo^D9A AjEUxq uoxqEULiojsuEaq 
quexd aqq oq pauiJogsupjq 3J9M sqonaqsuoo auabxqxnui 
pajxsap aqq 'rosv PUE lO^a saqxs uoxqox:rqsa:r anbxun oMq 0£ 
aqq buxsn * Jspio quaaajjxp e ux qnq £WOfld 30 saqxs uopoii^sai 
aqq suxEquoo qoxqM '£WDnd pxuiSExd U T J^qqo qoea puxqaq pauojo 
aq ueo suoxsnj auab x en PT A TP u T T B TD P U1S 1° 3PT s ^ no 

saqxs uoxqox:cqsa;i buxsn Ag -quauibEjrj l^TD/Judyi e se apEUi 
sem uoxsnj auab x^ n PT A TP u T qoEa qEqq qons 'quauibEJij: l^TD/TT^S 92 
e se uot69i joqEuxuiaaq. qoEa puE quauibEJXj ^ se auab 

XEjnqonaqs qoEa y quauibE:cg IHW&S/Iudyi e se pauoxo sbm Jiaqouioad 
qoEa 'Axx pj3U9 0 * 2W0f}d ux paapdaad sx sxsaqquAsoxq pxouoaexj 
aoj jroqoEj uoT^dposuEiq. e buxpooua qonaq.suoo auab x en PT A TP u T 
qoEa -papaau saqxs uoxqoxaqsaj aqq 6utute;uod sjaqdEpp 02 

oxq.aqq.uAs 30 uoxqjiasux Aq paqonaqsuoo aaaM spxuisExd asaqq 
ux saqxs buxuoxo axdxqx n W * (062-882 '¥ 'qoJEasa^ oxuabsuEax 
' (£661) y T p 1^ uax^fcua uea) dVOfld JoqoaA buxuoxo aqq. buxA^xpoui 
Aq paJEda^d aaaM £W3nd puE 2WOfld pxuiSExd sio^dsa buxuoxo ^qq^ 
'uoxquaAux aqq 30 quauixpoquia aExnoxq^asd e qqxM aouEpioooE ui gx 

* adAqouaqd paqoax^s aqq aonpojd XTT M q-^qq. squExd 
aonpoad oq umoj6 aq ueo puE qxEaq paonpo^qux aqq joj sauab aqq 
buxuxEquoo spaas aonpoad sque^d qons "sauxx snobAzouioq aonpoad 
oq passojo puE paqEbEdojrd aq Aeui sx^Aax pxouoaexj paAoaduix QT 
buxAEq squExd oxuabsuEjq qons " spoqqaui x euo T^ uaAUOD TT 9 ^ 
pauiaojsuEjq aqq uiojj paqpaauabaj: aq Aeui squExd oxuabsuEJtq axoqM 
* (HDd-XH) HDd asEqdxaosuEaq as^aAaa aAxqEqxquEnb 20 buxqqoxq 
u:raqqaoN 'axduiExa jloj 'uoxssajdxa auab ux 9Se8jout ue sMoqs 
XX^o quExd aqq aaqqaqM auxxuzaqap oq pasn aq Aeui sAesse shotiea q 

•sja^JEui oxdAqouaqd buxsn xo sanboxEUE 
pxoE-ouxuiE oq aouEaaxoq 'aouEq.sxsaa apxoxqjaq 'aouEqsxsaa 
oxqoxqxquE se spoqqaui qons Aq paqoax^s aq Aeui paqEaodaooux 
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oq pappp aq Apui oqpuioq jo s^jed axduipxa joj -s^onpojcl pooj 
jo uoxtvpjtpdasd aqq ux pasn aq Apui sao^puioq. aq:* AxsAxq.pu;raqxv S£ 
•qons sp uaq.pa pup paq.saAapq aq Apui sao:*puioq asaqx 
•sxoupapxj AxJPXnoxq.apd 'suxupAooqqup upq:q jaq^o spxouoAPXJ 3° 
sx^a^x paspajoux qqxM sao-qpuioq. jo Axx e T oa< ^ sa sqxn:ij jo asn aqq. 
oq. sa*qpxaj uoi^uaAUT aqq. jo quauiapoquia paa:raja:rd azrpxnoxqjpd v 

oe 

•dnos sn6pj;pdsp ^onpoad oq -6- a passaoo-id :taq:v:inj pup paqsaA-ipq 
aq Apui snbpapdsp sp qons suiaq.s osxv "dnos xo saxqpqsfc^A 
uazoaj aapdajd oq *6-a passaooad ;raqq:mj pup paqsaAjpq aq Apui 
jaMoxJTxnpo jlo xxoooojq sp qons sjaMOXJ :quauixpoquia :iaqq.oup ui 

- suxupAooqq.up upqq 

;raqqo spxouoAPXJ J° sxaAax paoupqua aqq sassassod XTT^ S TT° 
Xpuxj aqq qpqq> qons uasoqo aap (o^a uopeox jxaaqsa '6uxuxja:t 
5* a) buxssaoo^d jaqq:mj pup uoxqop:rqxa XT° J° suox^xpuoo 
aqq Axqp^ajaad 'XT° J° uopopj^xa aqq. xoj pasn aq Apui OZ 
upaq-Aos 10 paas jaMOXJuns sp qons spaas XT° ^*a spaas jaq^o 
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01 

pesn sjca-^dhep-e pure siamrxd HDd J° m9tai8ao : x ©Tc^i 

pxuispxd ux pe^x nss ^ S TMX * ^ueui^Bai I^IO/II^S ^ ZWOflcI ux 

pauoxo spm ^Dnpoa:d dqosz 6ux^x n ^aJ aqx * (I ^T^X sss) P u ^ ^ 

ZT3. sjaiupd t-I^xm T3lisd tuoag: H3d paxjxxduip spm soltj, 'At^sjx^ 

e3aq^ ux ZHDftd SAX^HAxaap 3nd ux peuojo spm uoxsnj aus6 7*3 sqx 
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* (LI pue e seznbTj) OTOOed 
pxuisexd U T 6uxq.-[nsBJ '£088°^ jo^dsa Aapuxq oq. quauibpjj I^sv/iopa 
cp(8*2 ^ se paaaajsupj^ spm OTdVUld pxuispxd jo ^aasui aqj, 

• (gX aznbx.a) oid\TLa<3 pxuispxd ux pa^xnsajr 
sxqx "ZdVLH^ pxuispxd °^ sg£px8<3 uiojtj quauibpaj iHitfpg/iud# p Q£ 
se pajraajsupj} spm jaqoiiiojd S££P aqq Axi^uxj *Sg£PT8<3 pxuisexd 
ux pa^xnsao: sxqj, * iHiirpg/asejauiAxod MOuaxM qUM P 3 M s TT°cl/I ot fX 
q^xM pa^sabxp l^Ted pxuispxd o;ut pauoxo spm ^uauiS^Jtj 
ja^ouiojd sg£p iHUfPO'/^unxq qMS8*0 6ux^x nsaj 3 Ri 'IHitfeg M1T M 
pa^sabxp Ax^uanbasqns pue 'aspjauiAxod MouaxM M3T M paqsxxod sjsm gg 
spua aqq. 'Dioog qqxM pa^saBxp spm 88TD0Wd pxuispxd aa^ouio^d sg£p 
aqq jo pua ,g aqq. :}P aqxs judyj anbxun p a^paao ox *88TD0Wd 
pxuispxd ux 6uxq.xnsaa 'joq.oaA 8T90Wd aq^. ux q.uaui6e^j IH^ff/AHooa - 
cpiZ'O e se pa^ebxx spm ((S66T) *T P 3 a Aaoq) 089Vd pxuispxd 
ux q.uasaad aa^ouiojd sg£ aq^ jo q;tpd ,£ aqx # auab ysnjS aq^ QZ 
pue aa^ouioad sg£p aqq. jo ^aed ,£ aqzj. buxAOUiao: snqq. 'iH^ff/AHOog- 
q:}XM paqsabxp spm 8T90Wd pxuispxd Ja^ouioad S££p aq^ jo pua ,£ 
aqq. qp a^xs IH^E anbxun p aqeaao oj, -smoxx 0 ? sp ZdVIJd ux xo 
jo uipaaqsdn ^uauibeaj iHitfeff / iud)j p se pauoxo spm sg£p& 'Axp^xqj, 

' ZdVTMd 

pxuispxd ux 6ux^x nS9:t 'zo^puxuiaaq. sou aqq. jo uipaa^sdn pauoxo 
spm ^uauibpjj jo IT&S /IWR&S bux^x ns9:c 9 m. *sa^xs ioe>c? pup I^c^ST 
aqq. Ao.zq.sap 03. pup auab aqq jo spua qqoq uo sa^xs uot^oti;s9J 
IT&S pup iH^pg anbxun ppp oq aapjo ux ^uauifipjj aqq. 30 oi 
pua qopa 03 pa^ebxx ajaM (x ^XQ^l) P ue 8£L£ saa^dppp pup 

^uauibpjj ioPj/iHooa" q}(9 ' X s sp XDIQct uioaj paq.PXOSX spm auab u 
am " IOTHci pxiuspxd ux 6ux^x ns9:c '-MS q.dxaosanxsd pxmspxd Adoo 
-qbxq o^ LLTtfd pxuispxd uioaj ^uauibpag: 1^003 q>[^ p sp paaaajsupa^ 
spm auab u aqx *smoxx°J se S^TJ^ U T S'otzx jo uipaa:q.sdn 5 
^uauibpaj IIPS/IH^ff ^ sp pauoxo spm auab u sq^ 'Axpuooas 

• aanq.pj:aduia^ 

uiooa o-q Axmoxs buxxooo Aq sjcauixad qq.oq x e9Uue P u ^ >5 JLO J 
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spm pxuisex^ s mx *aua6 07 aqq jo peaqsux auab + o7aqq 30 g£ 
aouasajrd aqq aoj qdaoxa '03099^ 04 x^°T3- ue PT S T 0£O99<3 pxuisexd 

0£OSHd jo uot^otuc^suoo -g 

• (11 pup e saanfcxj) 0ZDZ&& 
pxuisexd ux buxqxnsaa '£399d jo;o9a Aapuxq oq ^uauiBeag: IOsv/ioe»<j q£ 
q>[I*S e se pauajsuej^ spm OSdVTI^ 30 qaasux aqq ^TP^Tm. 



* (SI 

ean6xj) 03dV1.5d pxuisexd ux paqxnsa;r sxqx • fcdVTH<3 pxuisex^ ux 
auafc 01 aqq. 30 meaa^sdn pauoxo pup sauiAzua asaqq. qq.xw pa^safcxp 53 
sem qonpo:rd HD<3 ^Mi " (I ^T^i) Ax^AxqoadsaJi saqxs uoxq.oxaq.saa 
IUUibq pue ludyi anbxun pauxpq.uoo qoxqM '9Zd P ue ZZ3. sjawxjd qqxM 
HOd Aq pxuispx^ sxqq uioaj paxjxxduip Axquanbasqns spm aa^ouioad 
8& a MiL *^^d-83Z.Xd pxuispx^ U T fiupxnsaj y paq.p6xx-JX^ s S ^ M 
pxuis^xd aqq pup ' asp:rauiAxod VNO frl, q3-T M paqsxxod 9J9M spua aqq QZ 
'I^E»d qq~F M paqsabxp spm pxuispxd 'aqxs io&d sxqq. aAOuiaa ox 

•pua ,g aqq oq aAxqpxaa 0£fr uoxqxsod qp aqxs io&d paquPMun up 
pauxpquoo quambpcrj aaqouroad #a sxqx "83L»LcI pxuispxd uo quauibpag 
vPiZ'Z ^ S1S quasaad spm jaqouioad aqx -smoxx°J se auab 

07 aqq 30 uipajqsdn pauoxo sem aaqouioad ge oqpwoq aqq 'Axpuooag gx 

" frd\TL3d pxuispxd 

ux paqxnsaa sxqx -sauiAzua aiues aqq qqxM paqsabxp ^wond pxuisex<3 
oqux pauoxo pun ^frlTtfcI pxuisex^ wojj quauibeaj I&TD/~LWi&8 ^ViS'Z e 
se paqpx os T s^ 9 ^ aoqpuxuuaq soqj aqq pup auab 07 aqq 'Axqsjxj QT 

•sqdej6paed 6uxmoxX°J U T pauxxqno 

aq XTT M sdaqs asaqx * £D99d aoqoaA Aapuxq oq uoxsnj 07 aqq. jo 
aajsuejq (xxx) pup 'auab 07 aqq 3:0 uieaaqsdn aaqouioad #a oqpuioq 
ox^xoads-qxrutj aqq buxuox^ (TT) 'aoqoaA £WOn<3 ui joqpuxuiaaq g 

SOqj: aqq snxd (aappax snuxui) aua6 07 aqq 6uxuoxo (x) rsda^s 
jioCpui aaaqq 30 sqsxsuoo 03099^ pxuispx^ 30 uoxqonaqsuoo aqx 
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• (91 axnfcTj) 00£<3\TL3d pxuiSExd ut Sux^xnsaa 'OOTdVIJcl pTuisexd S£ 
oq. quauibsaj Josv/IION e s1? pa-Xjajsuejrq. spm 0£dVL3d 

pTuisexd jo qaasuT Soqxx- + 07-8^d st-H '00£399d ;Dna;suoo ox 

00£388<£ jo uox^ottx^suoo **> 

• (8i puE e saj:n6xj) 003D99d pxuiseid Q£ 
ut buxqinsaa '£099d jo^osa Aa^uxq oq. quaui6ejj Iosy/Iob^ q>[6 " L 
e se paaaajsue^q sx OOZdVIdd pxuis^xd jo ;jasux aqq 'Axp^xqx 

• (9X a.zn6Tj) oOZdVUd pxuis*?x d U T 6uxqxnsa:r 
'OOTdVlJld pxuis^xd oq. quaui£p:ig I^sv/I^cw q^x'S 5 sie pajJtajsuBjq 53 
seM 0£dVIJd pxuispx d J° qjasux soqj^x- ^7~8^d 'Axpuooas 

•OOTdVUd pxuisex^ ut 6uxqxnsa;r 
'£WDfld pxuis^xd otv quauibnaj I^ro/iucijf CW8"3 e s ^ paaaajsuejiq 
spm OldVl^d pxuis^xd jo ;j9sut soux-zo-sgcpd &m 'Axqsaxj 02 

*smoxX°J se OOCDHSd pue OOSOQHd spxuisi?x d qonaqsuoo 
oq p9sn eAoqe paqxjiosap s^om^suoo auab-ax&uxs aqj, 

51 

" (LI P U1? £ SBjn6xj[) 0£D89d 
pxuisex^ U T 6ux^x nsa:r '£099d aoqoaA Aa^uxq oq. quauiBBag iDsy/iop^ 
cp(£*S ^ se paajsjsu^jq. spm OEdVlJd jo qaasux aqq Axp^Tm. 

• (SI aanbxj) oedVlJd OT 
pxuisexd ut paqxnsaa sxqj, ■ soqocj, / p<j qqxM s^Q^Z / \P7 6uTOHXda:r 
snqq 'OZdVUd pxuispx^ oq p79Vd uiojj ^uauibe^j iexo/IH^e 
e sp pa^aa^suejq. sbm uoxsnj aua5 soqocz / + OT ^qq 'Axpuooes 

'piavd pxuisexd 5 
ut paqxnsaj sxqx *0T9Vd aAxqHAx jap-i9W3d aqq. ut quauifceaj 
I^T3/IHC03 ^ se pauoxo shm uoxsng aua6 soqJj;/ + o'i '^xqsax^ 

•smoxx 0 J SB paqoruqsuoo 
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'(T/69) asoapfcp ' (a/m %£) asojrons q^XM pa:;uauiaxddns 'suxuip^xa 
SuxpnxouT umxpaui sw 6uxuxp:}uoo saq^xd uo umoj6 spm aan^xno g£ 
uoxsuadsns jpax ooopqo} aqx • (xnx 0001) Aq.xsua:iux ^qbxx mox :*p 
sa:;pxd jaAex japaaj uoxsuadsns oooBqoq. uo q^jj JO J paq.pqnouxaad 
pup sa:tpnbs 2 uiuig£ oq.ux q.no easM suopaxA^oo pxo App-^qbxg 

'0 o SZ 1* (xnx 000e) JO poxaadoioqd p qiT M 'asoaons (a/m) q£ 

%£*0 q^T M pa^uauiaxddns (pjaqona -2961 'boo^s pup abxqspzrnfci) 
umxpaui sw pup a^xxoopuiaaA jo ajrn^xxui x : I ^ uo sApp 8 joj umoj6 
ajQM sbuxxpaas pup paq.puxui:ra6 3J9m spaas aqj, ue^PM axxaa^s 
jo sasuxa aajq^ Aq paMoxx°J 'a^xjroxqoodAq %g*x ux uox^pqnoux 
q^ p Aq pasxxxaa^s aaaM e039W^ SU TT o^euio} uiojtj spaas 92 

-sxsAxpup auiAzua uoipia^saa Aq paq.saq. spm spxuispxd 
eq^ jo aouasaad aqj, 'uxdAuipup>[ x^/^^OS 6utuib^uod sa:}pxd apbp 
-d3A uo pa^oaxas aaaM pxaa^opq paui:tojsup:i:q. Axx^uxji 'bux^pqs 02 
aX3-uab q^xM sanoq y joj D Q BZ 3- 15 pa^pqnoux aaaM pxaaq.opq aqq. 
umxpaui d3A X^I JO uox^xppp aqq. aa^jv -3 0 ^£ 3* ^Pq ja^PM p ux 
paMpqq. pup uaboa^xu pxnbxx ux ubzojj sbm ajrn^xxui uinjjB^oeqojBY 
-VNO aqx *sq.onbxxP TxtOOT o;ut pasuadsxp pup uox:}nxos z TO^D 
jo jmi ux papuadsnsaa 'pa^axx Q d uaqq. aaaM sxx 9D "0 "1-5*0 5X 

jo °° 9 ao up saqopaa a:in:*xno ©q^ XT^un 0 Q SZ ^ buxMoab pup (6861 
'^ooaquips) umxpaui a3A ux aan^x no 1^09 ^ bux^pxnooux Aq paapdaad 
'sxx^s uinxja^opqo^bv ^ua^aduioo jo X^OOT °^ VNO pxuispxd jo 
6rtx buxppp Aq frOt'frVO'I uxea^s urnT,ra:}Dpqo:r£>\f o;ux paonpoa^ux aaaM 
OOeDQQd pup OOZOQQd '0£3SQd '02D9Qd '0T39Hd spxuispxd Aapuxg gi 

suox^-euxxogpstrexq. suaxopjeumj, * y I * 

C039W3 auxx oq.Baio^ ux 

9 

' (81 Pup e sajnBx^) 00£O9Sd 
pxuispxd ux 6ux^x ns3:r 'EDaad jo^osa Aapuxq o^ ^uauibpaj losY/I^&d 
cpil'Q p sp pajjajsupjq. sx OOedVljd pxuispxd jo q^aasux aqj, 



6l*00/66d3/X3d 



- LZ - 



P6UV66 OAV 



spm sauaBsupaq aqq. jo aaquinu Adoo aqq. pup aouesead aqj, 

* AxsAX^oadsaa 66fr£-T00E pue 66>3-I003 uiojj paztaqumu aaaw 
O0£099^ P ue 003O9H<3 spni^suoD aq^ BuxAjjipo squpxd oxua6suP2£ 

•asnoqsspxB 

aqq ux umojc6 pup XT os 03 pajcjag sup:^ aiaM sqax^upxd 'uox^puijoj 
^ooj ^a^jv * (xnx OOOC) poxaadoqoqd qgx p qixM 0 o 93 3* Jraquipqo 
q^MO^B p ut paqpqnoux 9I9M s^upxdxa Bux^ooa pup uoxqpaauafcaa 
5uxj:na " (T/bwoqz) auuxxpqojao pup (X/^OG) uxdAuipup^ 

' (j/bz) a^xax^ ' ( A / M %S*0) ssoions q^T M pa^uauiaxddns 'suxuip^xa 
gg snxd uinxpaui sw jo 6uxq.sxsuoo 'uinxpaui Buxqoca oq. paaztajsupjq. 
3I9M sqooqs qup^sxsaa uxoAuipup>( BuxqpjauaBan -s^aaM o/a^ 
Ai3A3 uinxpaui qsajg: 03 pa:c;rajsup;r:; sism sq.upxdxa Bux^pjauafDaH 
* (X/6ui009) auiTXH^ojao pup (X/^OOI) uxdAuipup^ ' (x/6ui2) apxsoqxa: 
-ut;e92 j (x/6 5) iBbz&bv ' (a/m %g) asojons 'suxuip^xa qos^XN 
q^XM paquauiaxddns uinxpaui sw J° 6upsisuoo 'uinxpaui uoxqpaauabaa 
oq. paaja^supaq. aaaM sqxipxdxa aqq 'uoxqpAxqxno-oo x&^J-M 

* Aqxsuaqux q.q6xx mox pup 0 o $Z ^ s&^v\d jaApx 
japaaj ooopqoq uo qg^ jcoj paqPAxq.xno-oo pup Jtadpd aaq.xTJ uo 
Aap paqqoxq J ,G£ xoj uoxsuadsns umjjaiD&qojBv aqq. ux paqpqnoux 
9J9M squpxdxa uopaxA^oo aqj, *S*0 J° 009 a0 up qp esojons (a/m) 
%£ pup (pjaqona) suxuip:;xa buxpnxoux uinxpaui sw papuadsnsaa 
pup uoxqp6njxaq.uaD Aq paq.axx a< 3 ajaM px:raqopq aqj, *0*I 
-S"0 3° 009 aO up oqt uxdAuipup>[ x^/^05 q^T M paquauiaxddns (6861 
'^ooaquips) uinxpaui v T^urcuxfci pxnbxx ux qsfc joj umo:i6 spm x*fr P ub 
g saxduipxg ux pauoxquaui saoqoaA Ajpuxq aqq jo auo 6uxuxpq.uoo 
saanq.xno frOfcfcVQT urriT:ra:jDpqo;rj6y aqq uioaj Auoxoo ax^uxs v 

•(X/6uig'o -dVQ) auxandouxuiPX^ 2uac l 
pup (X/6rcS"Q -Q-fr'Z) pxdp oxqaopAxouaqdoaoxqoxp-^ 4 z 
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0TOHH<J 

* ^ x uioJJ sexjrPA s^upxd oxuafisuei^ 
aqq. ut Jiaquinu Adoo aqx 'aqojd jjrjdu aq:* q^TM asTpTjqAq 
pup oxuabsu^jq. 3jp s^upxd XTV * fcuT-xn^xno anssx^ 

aqq. uiojiij adposa DTua6suea^-uou p si {£ aupx) 820E aaquinu }upxa 0£ 
• ^ a^nbxj ut UMoqs st sisAjeue ujraq^nos aq:; go ^xnsaa S UX 

"}upxd oxuafisueaq. qopa ut suox^aasux 
-X jo isqumu aqq. auxuuraq.ap oq. pasn aq upd pup 'uox^p:r6aq.ux jo 
aopxd aq} uo ^uapuadap 'q^buax q-uaaajjxp jo spupq 6uxsxpx:tqAq 
03 asp 3ax6 XTT M S TMX "YNCI-X sq^ jo ai aq} 6ux>[UPXJ uoxbaa 
aq} ut a}xs UT&Q oxuioua5 p Aq pua aaq^o aq} uo pup a}xs uz&S 
jeuje^uT sxqq. Aq pua auo uo pa>[UPX3 s^uauibp^j oxjxoads 

-II3du buxsxpxaqAH " (91) aap^oq }jax aq} uiozj cp{ fi 'auab 
Illdu aq} jo uipa;i}sdn Axa}PTpaurarr YNC3-X ©q} ut s}no IIT^g Q2 

* (TC n JI) aa6euix-oxq p Suxsn 
paqdpj6oxppaoq.np pup SOS %I*0 'OSS x Z'O U T Oo99 ^ e sa}nupii 
0£ Jcoj sauiT} aa;cq} paqsPM aaaw s}oxq pasxpx^qAq aqx "q9X zoj 
DoS9 3-^ uoT}pqnouT aq} 6uthut}uoo pup umxpam uox^psxpx aqAqaad gx 
aq} 0} VNO aqosd pain^puap 6uxppp Aq pamaoj^ad 
spm uoxq.psxpTj;qAH *YN(3 uiaads 5uTuaq pa;crt}puap xm/brnj-Q 
pup 'SdS %X"0 'uot^hxos s,}p:cpquaa x oi 'OSS x 9*9 J° xtui 
p ut 0oS9 ^ e ^oj ^no paTajrpo spm uoT}psTpx;rqAqa:r<3 • (D Q g9) 

suoT}xpuoo ^uafiup^s aapun '(x axqPX) X8J P^p OQA sjreuixad QT 
M^T M £099<3 pTuispxd uio;rj paTjjxduip '}uaui£>p:rj HOd OTjToads 
-Il^du paxaqpxoTppa © q}TM paqo^d 9J8M s}oxq sqx 

"HO^N Wfr"0 U T aupjquiaui +k puoqAH p oq. pajiajsuEi^ pup 
.OC ^oj HO^N W ^"0 U T paan^puap uaqq. spm VNO sqx " X s6 asozp6p g 
3VX %Z.*0 e uo pa^pjpdas pup Iir^ff q^T M ^91 z°J pa^sabjp 
aaaM VNO OTUiouaJo 6rlg 30 s^onbTXV" (8861) "T^ ^ s ax^qaaTuog 
Aq paqjaosap sp saAPax 6unoA uiojj pa^PxosT spm OTuioua^ 
*uoTq.PSTpTaqAq uiaq^nos Aq s^upxd OTuaSsup^^ ut pauTuiaaq.ap 
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uopxsod auips aq:} surur qoTqM g - x jo pupq p 9at6 '£005 S£ 

;daoxs 's^uejd Djua6suej; xi e 'Iod$[ q^TM uopssbxp jraqjv ' (V 
Xaupd) £ 03 x uk>:tj sstj^a sq.upxd OTua6sup.23 asaq:* ut jsquinu 
Adoo aqj, -aqojid 10 aqq. R^T M asTpTzrqAq pup oxua6suea^ aip 
s^upxd aaq^o XTV *ioj^uod SApeBau p se pasn st pup ;j8sux 
soux-Vsnd-QBd ^ 6ututp}uod qupxd OTuabsupi^ p st Z0Q£ Jaqumu q£ 
q.upx<3 9 ajn6xj ut uMoqs st sisAjeue uaaq^nos aqq. jo qxnsaj aqj, 

mc m S'T J° pupq 6uTSxpTjqAq p 03 asTJ 
aAT6 XTT m a^ojajaq^ zoom q^TM VNO x pmosouio:rL l 0 3° uoT^sabTQ 

• jro^PUTUiaaq. sou aqq. pup auafc jq aq} uaaM^aq ja^ujx aqq. 52 
ut pup aqxs^apqs uoxqpxsupaq jo aqq. oq. 9Ai^epi + uojqjsod 

' 01099^ pjuispxd jo uox69J VNO-X ^q^ ut aoTMq. s;no TOON 

* :;upxd 

oTuabsupjq. qopa ut suopjssuT VNO-X jo Jiaqumu aqq. auTuiaaqap OZ 
03 pasn aq upd pup 'uopeibs^uT 30 aopxd aqq. uo ^uapuadap 
'q^buax ^uaaajjTp jo spupq 6uTSTpTjqAq oq 9sti sat6 XTT m 
sTqj, 'VNta-Ii ^q^ jo aqq. 6ut^upxj uOTbaa aq^ ut a^TS 1^003 

oTiuouab p Aq pua aaqqo aqq. uo pup a^TS ihoo# x eu:c3: * u T S TM^ 
Aq pua auo uo pa^upxj 9Je sq.uau16p.1j OTjyoads-ro BuTSTpTjqAH SX 

* (9tf) aapaoq qq6j:r aqq uiojtj cp{ 9-3 'uojsnj-auab souj, 
-lo-sq£d aqq jo uipa:rqsdn AxaqpTpaumiT VNd-i ^q3 ut s^no IH003 

"O'S uoTqoas ut paqTJOsap sp aaaM 
suopxpuoo buTqsPM pup uoTq.pSTpTaqAH * Iisd /loojst q^TM OldVUd oi 
pTuisPxd jo uoT^sa6Tp jaq.jp pauTP^qo 'q.uaui6paj uopop^ssj 
DTjTDads-xo paxaqPXOTP^^ d Z£ c3qoo6 e Tqq.xjvi paqoad spm q.oxq aqi, 

'O'S U T psqTJosap sp aupjqujaui +n puoqAH b oq. paciaajsupaq 
pup jBb asoap£»p avj. %L m 0 & uo paq.p:rpdas 'loojsi pup I^&oog 5 
qqoq qqjM q9X -*oj paqsabyp 9jsm vmo ojuiouaB 6riq jo sqonbxxv 
•uoT^psTpjaqAq ujeqqnos Aq paujuiaa^ap spm ( s jaqumu 001) OTOSH^ 
pjuispxd qq.TM uoT^PUiJOjsupjq. aaqjp pauTpq.qo sq.upxd ojuaBsupaq. 
ux uoxqaasuT VNQ-i jo Aq.TXPnb aqq. pup jaquinu Adoo aqx 
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fruits were cut into quarters, per fruit a quarter was taken, 
cut into pieces and quickly frozen. 

6.2 Extraction of flavonoids from tomato tissues 

5 Flavonoids were determined as aglycons or as their glycosides 
by preparing hydrolysed and non-hydrolysed extracts , 
respectively. 

Preparation of hydrolysed extracts was performed according to 

10 Hertog et al. (1992) as follows: Frozen tissues were grounded 
into a fine powder using either a pestle and mortar or a coffee 
grinder. Peel and flesh tissues were lyophilized for 24h 
before flavonoid extraction. Forty mg of this freeze-dried 
material was weighed and transferred to a 10ml Pyrex glass 

15 tube. To each tube 1.6ml of 62.5% methanol (HPLC grade) in 
distilled water and 0.4ml of 6M HC1 were added. The tubes were 
closed with screw caps containing a teflon inlay and incubated 
for 60 min at 90 °C in a waterbath. After hydrolysis, the tubes 
were cooled on ice, the extracts were diluted with 2ml of 100% 

20 methanol and sonicated for 5 min. For determination of aglycon 
levels in whole tomatoes, 1.2g of grounded frozen tissue (not 
lyophilized) was weighed and hydrolysed with 2ml of 100% 
methanol and 0.8ml of 6M HC1, as described above. After 
hydrolysis, these whole tomato extracts were diluted with 4ml 

25 of 100% methanol, and sonicated for 5 min. 

Using flavonoid standards (obtained from Apin Chemicals Ltd, 
Abingdon, UK) it was established that during the hydrolysis 
step, aglycons were released from their respective glycosides 
30 for 100%, while narichalcone (= naringenin-chalcone) was 
chemically converted into naringenin for more than 95%. 
Recoveries of quercetin, kaempferol and naringenin standards 
added to peel or flesh extracts just before hydrolysis were 
more than 90% . 

35 

For determination of f lavonoid-glycosides and naringenin- 
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chalcone, 40mg of f reeze-dried tomato tissue was added to 4ml 
of 75% aqueous methanol acidified with HC1 to pH2 . Extraction 
took place at room temperature (20-25°C) by continuously mixing 
on a roller band for 2 hours. 

5 

6 . 3 HPIiC conditions for f lavonoid analysis 

After sonication, about 1ml of each extract was taken using a 
disposable syringe and filtered through a 0,2pm PTFE disposable 
filter (Inacom Instruments BV, The Netherlands) before 
10 injection into the HPLC system. 

The HPLC system consisted of a Waters 600E Multisolvent 
Delivery System (Waters Chromatography) , a Promis autoinjector 
(Separations Analytical Instruments BV) with a fixed 10\xl loop, 

15 and a Nova-Pak Ci 8 (3.9 x 150mm, particle size 4pm) analytical 
column (Waters Chromatography) protected by a Guard-Pak Nova- 
Pak C18 insert. Both columns were placed in a LKB 2155 HPLC 
column oven (Pharmacia Biotech) set at 30°C. A photodiode 
array detector (Waters 996) was used to record spectra of 

20 compounds eluting from the column on-line. The detector was 
set at recording absorbance spectra from 240 to 600nm with a 
resolution of 4 . 8nm, at a time interval of 1 second. 
Millennium 2010 Chromatography Manager (Waters Chromatography 
BV) was used to control the solvent delivery system and the 

25 photodiode array detector. 

HPLC separation of flavonoids present in hydrolysed extracts 
(flavonol aglycons and naringenin) was carried out under 
isocratic conditions of 25% acetonitril (for HPLC far UV) in 

30 0.1% trif luoroacetic acid (TFA) at a flow rate of 0.9ml/min. 
HPLC separation of flavonoids in non-hydrolysed extracts 
( f lavonoid-glycosides and naringenin-chalcone) was performed 
using a gradient of acetonitril in 0.1% TFA, at a flow rate of 
l.Oml/min: 5-25% linear in 30 min, then 25-30% in 5 min and 30- 

35 50% in 2 min followed by a 3 min washing with 50% acetonitril 
in 0.1% TFA. After washing, the eluent composition was brought 
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to the initial condition in 2 min, and the column was 
equilibrated for 6 min before next injection. Table 2 
summarizes the retention times, obtained with the two different 
HPLC separation methods, of some flavonoid standards. 

5 

Table 2 : Typical retention times of some flavonoid standards. 



retention time 
(minutes) 



flavonoid standard 


detection 
wavelength (nm) 


isocratic 
run 


gradient 
run 


rutin 


360 




19.2 


quercetin-3-glucoside 


360 




19.7 


kaempf erol -3- 
rutinoside 


360 




21.9 


myricitin 


370 


3.0 


23.0 


quercetin 


370 


5.1 


29.5 


naringenin 


280 


8.3 


33.5 


narichalcone 


360 




34.8 


kaempf erol 


370 


9.8 


35.5 



Note: anthocyanins peaks would normally be visible in spectra 
10 at 520 or 280 nm. In the experiments however these peaks are 
not visible (see e.g. Figure 25) meaning that no detectable 
levels of anthocyanins were formed in the tissues tested. 

HPLC data were analyzed using the software of the Millennium 
15 2010 Chromatography Manager. Absorbance spectra (corrected for 
baseline spectrum) and retention times of eluting peaks (with 
peak purity better than purity threshold value) were compared 
with those of commercially available flavonoid standards. 
Dose-response curves of quercetin, naringenin and kaempf erol (0 
20 to 20pg/ml) were established to quantify these compounds in the 
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hydrolysed tomato extracts. Quercetin and kaempferol aglycons 
were detected and calculated from their absorbance at 370nm and 
naringenin at 280nm. Flavonol-glycosides as well as 

naringenin-chalcone were detected at 360nm (see also Table 2) . 
5 Flavonoid levels in tomatoes were calculated either on a dry 
weight basis (for peel and flesh tissues) or on a fresh weight 
basis (for whole tomatoes) . With the HPLC system and software 
used, the lowest detection limit for flavonoids in tomato 
extracts was about O.lyig/ml, corresponding with lOmg/kg dry 
10 weight and lmg/kg fresh weight. Variation between replicate 
injections was less than 5%. 

Example 7 : Characterisation of the flavonoid content in 

transgenic tomato fruit 

15 

7 . 1 Flavonoids in peel and flesh of control tomatoes 

The HPLC data of hydrolysed extracts of red fruit of variety 
FM6203 are shown in Figure 8. Figure 8a shows that both 
quercetin and kaempferol were present in peel tissue. In 
20 contrast, Figure 8b illustrates that hydrolysed extracts of the 
flesh tissue from this fruit contained only traces of quercetin 
with no detectable levels of kaempferol. Chromatograms 
obtained at 280nm (not shown) of the same extracts revealed a 
large peak of naringenin in the peel, but not in the flesh. 

25 

Figure 9 shows the HPLC spectrum of non-hydrolysed extracts of 
this fruit. It can be seen that only a small peak 

corresponding to rutin was present in the flesh (Figure 9B) . 
In contrast, at least 5 different flavonol-glycosides as well 

30 as narichalcone were detected in the peel (Figure 9A) . NMR- 
studies proved that the peak at RT = 19.2 min was rutin while 
the peak at 17.6 min was a quercetin-3-trisaccharide : rutin 
with apiose linked to the glucose of the rutinoside. The 
retention time and absorbance spectrum of the minor peak at 

35 19.7 min corresponded with those of quercetin-3-glucoside, 
while those of the peak at 21.9 min corresponded with 
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kaempf erol-3-rutinoside . The small peak at 25.6 min had an 
absorbance spectrum comparable to kaempf erol-3-rutinoside, but 
its higher RT value indicates a yet unknown kaempferol- 
glycoside. The large peak at 34.8 min was narichalcone . 
5 Aglycons of quercetin and kaempf erol f as well as naringenin 
(all present in hydrolysed peel extracts) were not detectable 
in any of the non-hydrolysed extracts . 

By comparing the flavonoid species in hydrolysed extracts with 
10 those in non-hydrolysed extracts of the same tissue it can be 
concluded that the presence of quercetin and kaempferol 
aglycons in the hydrolysed extracts resulted from hydrolysis of 
their respective glycosides; the presence of naringenin in 
hydrolysed peel extracts resulted from isomerization of 
15 narichalcone during the hydrolysis step (cf. Example 6.2). 

These HPLC-data of flavonoids indicate that the flavonoid 
biosynthetic pathway is active in the peel but not, or to a 
very limited level only, in the flesh of the tomato fruit. 
20 This conclusion was confirmed by mRNA analyses of peel and 
flesh tissues using probes for chs, chl and fls. 

7 . 2 Flavonoids in fruits o£ transformed tomato plants 

To determine whether the pBBC200 and pBBC300 constructs were 
25 able to induce the flavonoid biosynthetic pathway in tomato 
plants, transf ormants as well as control plants were analysed 
for the presence of flavonoids in the flesh of their fruits, a 
tissue that normally contains only traces of flavonoids (see 
7.1). This screening was performed by HPLC using hydrolysed 
30 extracts. 17 plants that were successfully transformed with 
either the pBBC200 or the pBBC300 construct (i.e. nptll- 
positive plants) were analysed together with 10 untransf ormed 
control plants (escapes, i.e. plants that appeared nptll- 
negative after the transformation and kanamycin selection 
35 steps) . All untransf ormed control plants tested contained only 
a small amount of quercetin in hydrolysed extracts of the 



BNSDOCID: <WO 9937794A1_L> 



WO 99/37794 



- 48 - 



PCT/EP99/00419 



tomato flesh and none had detectable levels of kaempferol or 
naringenin, as was the case with the original FM6203 plants. 
Out of the 17 transformants tested, 11 plants (65%) appeared to 
accumulate flavonoids, specifically of the kaempferol and 
5 naringenin-type, at detectable levels in their tomato flesh. 
Figure 10 shows an example of chromatograms (recorded at 370nm) 
obtained with an untransf ormed control plant and plant number 
3031 containing the pBBC300 gene construct. While the 

hydrolysed flesh extracts of the untransf ormed tomato contained 
10 only a small peak of quercetin (cf. Example 7.1, Figure 8), the 
hydrolysed flesh extract of the transformed tomato contained a 
clear peak of kaempferol (Figure 10), as well as of naringenin 
(detected at 280nm, not shown) . Figure 11 summarises the 
levels (on a dry weight basis) of kaempferol, quercetin and 
15 naringenin, based on hydrolysed extracts, in the flesh of red 
fruits from some control plants and some plants transformed 
with either the pBBC200 or the pBBC300 gene construct. The 
main flavonoid present in the hydrolysed extracts of flesh of 
transformed plants was kaempferol, followed by naringenin; an 
20 exception was plant number 3035, whose hydrolysed flesh extract 
contained more naringenin than kaempferol. Quercetin was not 
or only slightly increased in these transformants. Also in 
hydrolysed extracts of peel tissue of the pBBC200 and pBBC300 
transformed tomato plants an increase in kaempferol content was 
25 observed. 

Figures 12 and 29 show the levels (on a fresh weight basis) of 
flavonoids in whole red fruits of control and transformed 
tomato plants. The level of total flavonols (quercetin plus 

30 kaempferol) in fruits of control plants (first bar) was 5.2 ± 
4.3 mg/kg fresh weight (mean ± standard deviation, n = 10), 
with values ranging between 1.3 and 12.0 depending on growing 
season. Quercetin was always the main flavonol in the fruits 
of control plants. Compared to the mean level in control 

35 plants, 11 out of 13 pBBC200-transf ormed plants (i.e. 85%) and 
11 out of 17 pBBC300-transf ormed plants (65%) had 



BNSDOCID: <WO 9937794 A 1J_> 



WO 99/37794 



- 49 - 



PCT/EP99/00419 



significantly increased levels, up to 75 mg/kg i.e. 15 fold 
increase, of total flavonols in their fruits. The highest 
levels of kaempferol in transf ormants were about 75 mg/kg: a 
75 fold increase compared to control levels. In contrast to 
5 kaempferol, quercetin was increased in only a few plants and 
to a much lower extent: up to 3 times the level in controls. 
The level of naringenin in control fruits, derived only from 
narichalcone present in the peel, was 24 ± 14 mg/kg fresh 
weight (mean ± standard deviation, n = 10) . The naringenin 
10 level in whole fruits of transf ormants, derived from both 
narichalcone and naringenin-glycosides (cf. Figures 27 and 25) 
was significantly increased in a few plants: up to 2.5 fold 
the level of control fruits. 

15 Using non-hydrolysed extracts, the form in which the 
flavonoids accumulated in the tomato fruits of transformed 
plants was studied. By comparing HPLC chromatograms of non- 
hydrolysed extracts from whole red fruits of control and 
transformed tomatoes, recorded at 360 nm (Figure 26) , it 

20 appeared that the level of naringenin chalcone (peak at RT = 
35.9 min was decreased in transformed tomatoes. However, at 
least 6 other flavonoids detectable at 360 nm were increased 
in the transformed tomato fruits: peaks at RT = 13.9, 14.3, 

16.1, 22.8, 23.4 and 2 6.0 min . Apart from these 6 compounds, 
25 the HPLC chromatograms recorded at 280 nm (Figure 27) 

indicated an increase of at least another 5 flavonoid 
compounds in the transformed tomatoes: peaks at RT = 11.2, 

15.2, 21.2, 23.1 and 28.5 min. Other peaks that were 
increased in the chromatograms of transformed fruits (e.g. in 

30 Figure 14: peaks at RT = 5.1 and 11.9 min) appeared to be 
impure peaks resulting of co-elution of yet unknown compounds. 
Based on the chromatographic behaviour and absorbance spectra 
of pure peaks that were increased in the transgenic fruits 
(Figure 25) , it is concluded that the compound eluting at RT = 

35 22.8 min is kaempf erol-3-O-rutinoside and that at 23.1 min is 
naringenin-7-O-rhamnoglucoside (== naringin) . The absorbance 
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spectra of the compounds eluting at 13.9, 14.3, 16.1, 23.4 and 
26.0 min all match very well with kaempf erol-3-rutinoside, but 
their different RT values indicate that they are different 
kaempf erol-glycosides . Likewise, the compounds at RT = 11.2, 
5 15.2, 21.2 and 28.5 min have absorbance spectra similar to 
naringin, but their different RT values indicate that they are 
different naringenin-glycosides . 

The patterns of chromatograms (recorded at 360nm) obtained 
10 with non-hydrolysed tomato extracts were very similar within 
and between pBBC200 and pBBC300 transf ormants . This result 
indicates that all transf ormants accumulated the same 
flavonoid species at about similar ratios; transf ormants only 
differed in their level of accumulation. 

15 

Figure 13 shows an example of chromatograms, recorded at 360 
nm, of non-hydrolyzed extracts prepared from only the flesh 
tissue of the tomato fruits (peel removed) . While only rutin 
was detectable in the flesh of control fruits, rutin as well 

20 as the kaempf erol-glycosides described above (Figure 26) were 
detectable in the flesh of transgenic fruits. HPLC analyses 
of the same flesh extracts at 280 nm (not shown) revealed 
that, apart from these kaempf erol-glycosides , the naringenin- 
glycosides described above (Figure 27) were exclusively 

25 produced in transgenic fruits. These results indicate that 
the flavonoids biosynthetic pathway in transgenic plants is 
not restricted to the peel, as it is in untransf ormed plants, 
but also active in the flesh of the fruits. 

30 Out of the 11 flavonoid species that were increased in the 
whole fruits of transgenic plants (Figure 26) only kaempferol- 
3-rutinoside was also found in the fruits of FM6203 control 
plants, though only in the peel. Thus, tomato plants 
transformed with pBBC200 or pBBC300 exclusively produced (at 

35 least) 6 different kaempf erol-glycosides and 5 naringenin- 
glycosides in the flesh of their fruits. Moreover, except for 
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kaempf erol-3-rutinoside, the flavonoid species induced by 
pBBC200 or pBBC300 are new products in the fruits of variety 
FM6203. 

5 The accumulation of flavonoids in fruits of transformed plants 
was dependent upon ripening stage. Figure 14 shows that the 
kaempferol peak was not detectable in hydrolysed extracts of 
flesh from full-grown tomato fruits at green stage, small at 
turning stage and highest at red stage. A similar ripening- 
10 dependent increase was observed for naringenin (chromatograms 
recorded at 280 nm; not shown) . This timing of the flavonoid 
biosynthesis correlated with the pattern of activation of the 
e8 promotor, which is present in both the pBBC200 and the 
pBBC300 gene construct. 

15 

In some plants transformed with pBBC200 or pBBC300 a slight 
purple pigmentation due to anthocyanin accumulation was 
observed in the fruits, but only at green and breaker stage. 
Binocular analyses of cross sections of these purple-coloured 

20 fruits revealed that the anthocyanin accumulation was 
restricted to the peel tissue of the fruits. However, 
anthocyanins could not be detected, neither by eye nor by HPLC 
analyses of hydrolysed and non-hydrolysed extracts at 520 nm, 
in red fruits. In contrast to this pattern of anthocyanin 

25 production, the production of kaempferol- and naringenin- 
glycosides in the same transgenic fruits was not restricted to 
the fruit peel and increased during fruit ripening (see 
above) . Therefore, the induced biosynthesis of flavonoids in 
tomato fruits, as claimed in the present invention, is not 

30 related to the production of anthocyanins. 

7.3 Transformation with both Lc and CI is essential for 
Increasing flavonoid levels In tomato fruits 

To check whether CI or Lc alone might as well induce the 
35 flavonoid biosynthesis in tomato fruits, variety FM6203 was 
also transformed with the plasmids pBBCIO, pBBC20 and pBBC30 
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containing the single regulatory gene constructs d35s-cl , e8- 
1c minus leader sequence and e8-lc plus leader sequence, 
respectively, Hydrolysed extracts were prepared from whole 
red fruits and analysed by HPLC as described in Example 6. 
5 Figure 28 shows that fruits of plants transformed with only CI 
(plants numbered 101 onwards) or only Lc (plants numbered 201 
and 301 onwards for plants without and with leader sequence, 
respectively) , had levels of total flavonols (quercetin plus 
kaempf erol) ranging from 1.2 to 8 mg/kg fresh weight, i.e. 

10 within the range of control fruits (1.8 to 8.8 mg/kg fresh 
weight) . These data indicate that transformation of tomato 
plants with either CI or Lc (with or without leader sequence) 
did not result in increased flavonol levels in their fruits. 
In contrast, fruits of plants containing both regulatory genes 

15 after transformation with pBBC200 or pBBC300 (numbered 2000 
and 3000 onwards, respectively) had significantly increased 
levels of flavonols in their fruits, as compared to both the 
control plants and the plants transformed with the single gene 
constructs. This increase in flavonols was mainly due to the 

20 accumulation of kaempferol (Fig 29) . Evidently, the presence 
of two transcription factor genes such as both CI and Lc is 
essential for the increased production of flavonoids in tomato 
fruits . 

25 Similarly the level of flavonols can be measured in the leaves 
of the transformed tomatoes. It was found that the the levels 
of flavonols in the leaves was increased up to six-fold as 
compared to the control and mostly were at a level lower than 
the flavonol level in the flesh of the fruit. In none of the 

30 cases lethal dosis of flavonols were encountered, this may be 
explained by the fact that a fruit-specific promoter was used, 
which although it apparently does not fully prevent formation 
of flavonols in leaves it limits the levels to non-lethal 
dosis . 

35 

Example 8 : Analysis of trans gene expression in -transgenic 
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plants 

The expression of the introduced CI and Lc genes in the 
obtained transgenic tomato plants was analysed by real-time 
5 quantitative RT-PCR, using the fluorogenic 5' nuclease assay 
performed with the Taqman PCR reagent kit on the ABI PRISM 
7700 sequence detection system (Perkin -Elmer/ABI) . The 
principle of this procedure is as follows: cDNA is made from 
total RNA, extracted from the source of interest, by reverse 

10 transcription. The expression of a target gene is monitored 
in a PCR reaction to which a fluorogenic probe, consisting of 
an oligonucleotide with both a reporter and a quencher dye 
attached, is added, that anneals specifically between the 
forward and reverse primers. When the probe is cleaved by the 

15 5' nuclease activity of the DNA polymerase, the reporter dye 
is separated from the quencher dye and a sequence-specific 
signal is generated. With each cycle, additional reporter dye 
molecules are cleaved from their respective probes, and the 
fluorescence intensity is monitored during the PCR reaction. 

20 The PCR cycle at which the fluorescence reaches a certain 
threshold value is a measure for the starting copy number of 
the target RNA. This can be quantified by running a standard 
range with known amounts of the target gene. 

25 The following plants were selected for Taqman analysis: plants 
transformed with plasmid pBBCIO [ P35s-cl-Tnos) , numbers 104, 
109 and 117 plants transformed with plasmid pBBC20 {Pe8-lc~- 
Trbc) , numbers 201, 204 and 209 plants transformed with pBBC30 
(Pe8-lc* -Trbc) , numbers 302 and 305; plants transformed with 

30 pBBC300 (P35s-cl-Tnos//Pe8-lc + -Trbc) , number 3031; and plants 
transformed with plasmid pBBC250 {Pe8-cl-Tnos//Pe8-lc~-Trbc) , 
numbers 2509, 2511 and 2519. In plasmid pBBC250 both the CI 
and the Lc gene are expressed under control of the fruit- 
specific tomato e8 promoter. Plasmid pBBC250 is represented 

35 in Figure 20 and can be prepared analogously to plasmids 
pBBC200 and pBBC300, trans formants with plasmid pBBC250 are 
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numbered 2500-2999. 

Total RNA was isolated from red fruits of transgenic tomato 
plants. First strand cDNA was synthesised from 350 ng of 
5 total RNA by reverse transcription. Aliquots of 100 ng cDNA 
were used in three Taqman PCR reactions with a cl, lc and a 
cyp probe respectively. The tomato cyclophyllin gene (cyp) is 
constitutively expressed in tomato fruits, as observed by 
northern analysis, and can therefore be used as internal 
10 control. Known amounts of plasmid pFLAP300 and a 0.4 kb 
cyclophyllin PCR fragment, obtained after RT-PCR of tomato 
fruit RNA with primers CYP1S and CYP2A (Table 1), were used as 
standards. The sequence of the taqman primers and probes used 
is listed in Table 4. 

15 

For all three primer-probe combinations, the number of 
specific mRNA molecules present in each sample was determined 
and expressed relative to the amount of cyp mRNA. The 
absolute amount of cyp mRNA varied less than 2.5-fold between 

20 the different transgenic plants, indicating that this gene can 
indeed function as an internal control. As shown in Figure 
21, control plant 004 neither gave a signal with the cl probe, 
nor with the 1c probe. In contrast, all tested transgenic 
plants showed a clear expression of the introduced transgenes : 

25 the Cl single-gene plants (104, 109 and 117) showed only Cl 
gene expression, the Lc single-gene plants (201, 204, 209, 302 
and 305) only showed Lc gene expression and all tested Cl/Lc 
double-gene plants (2509, 2511, 2519 and 3031) showed 
expression of both Cl and Lc. Although the expression level 

30 of the Cl and Lc genes in some single-gene transgenic plants 
is higher than the levels found in some double-gene plants, 
yet there is no detectable increase in the level of kaempferol 
(Figure 21) . This indicates that expression of both Cl and Lc 
together is required to up-regulate the flavonoids pathway in 

35 tomato fruits, leading to an increased production of the 
f lavonol kaempferol . 
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Table 4 : Overview of Taqman primers and probes used 



Primer /probe ( * ) 


gene 


sequence (5' to 3' ) 


C1F 


CI 


GCCCTGGCGTCGTTTCT 


Llr\ 


a 




C1T ( * ) 


CI 


CTCCGCTGTCAGACGGCCGG 


LCF 


Lc 


CGGGAGCAGCACAGGAAAT 


LCR 


Lc 


GTCGCTTTCGCTCCGACAT 


LCT ( * ) 


Lc 


TGGCACTGGCACCAAGAACCACG 


CYPF 


cyp 


GAGTGGCTCAACGGAAAGCA 


CYPR 


cyp 


CCAACAGCCTCTGCCTTCTTA 


CYPT (*) 


cyp 


ACATCCATGCCTTCAACAACTTGTCCAA 


(*) Fluorescently 


labeled 


Taqman probes. 


Example 9: Tomato 


fruits 


with, increased flavonoid levels by 



transformation with lc and cl exhibit an increased 
antioxidant activity 

10 

Because the postulated beneficial effects of flavonoids in the 
human diet is, at least partly, ascribed to their antioxidant 
characteristics, it was tested whether tomato plants with 
increased levels of flavonoids in their fruits also have 
15 increased antioxidant activities. 

From 3 control and 3 independent transf ormants [numbers 3031, 
3059 and 3060 as described above], 0.6 g FW of whole fruits 
(grinded material from 3 red fruits pooled per plant) was 
20 weighed, extracted in 2 ml of 70% methanol by sonication for 
30 min, and filtered (0.2 v*m) . Antioxidant activity was 
tested from the ability of extracts to react with the coloured 
radical cation of ABTS (2, 2' -azinobis [3-ethylbenzothiazoline- 
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6-sulphonic acid] ) , essentially as described in Miller and 
Rice-Evans (1997) . The ABTS-radical stock solution, generated 
with potassium persulphate, was diluted in 5 mM potassium 
phosphate (pH 7.4) containing 150 mM NaCl just before use, 
5 obtaining a working solution with an absorbance value of 1.240 
measured at 734nm. The antioxidant activity of tomato 
extracts was assayed by adding 10 \xl of extract to 990 ul of 
the ABTS-radical working solution, mixing for 30 sec and 
reading the absorbance at 734nm exactly 1 min after the 
10 addition of extract. A calibration curve of trolox (0 - 20 
nraol) was prepared to calculate the trolox-equivalent 
antioxidant capacity values (TEAC values) of the tomato 
extracts. Variation between replicates was always less than 
7% . 

15 

The TEAC value of control tomato extracts was 2513 ± 409 
pmol/kg FW (mean ± standard deviation of 3 plants) . Compared 
to this control value, the TEAC values of the transgenic 
plants were increased by 20% in 3031, 40% in 3059 and 64% in 

20 3060. Figure 22 shows that the TEAC values of the fruits were 
closely related to the levels of total flavonoids in these 
fruits, in both control and transgenic plants. This result 
suggests that the increased antioxidant activity observed in 
the fruits of Ic/cl-transf ormed plants resulted from the 

25 increased flavonoid biosynthesis. 

Example 10 : properties of tomato pastes prepared from 

transformed tomatoes of the Invention 

30 This example demonstrates that overexpression of transcription 
factors in tomato can improve commercially-important 
properties such as paste consistency, in particular by leading 
to thicker pastes at the same fruit usage level. 

35 Data from five independent paste preparations are included in 
this example. Pastes 1 and 2 are from Tl generation plants 
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(i.e. a population derived from seed of the selfed primary 
transgenic plant 2059) . Pastes 3, 4 and 5 are derived from T2 
homozygous plants . 



10.1 Plant 



10.1 Growing 

Seed from the selfed single-insert 2059 primary transgenic 
tomato plants were sown in soil flats in a glasshouse under 

10 light conditions as in Example 1. Seedlings which had 
retained the pBBC300 transgene were selected by PCR, using the 
transgene specific primer pair F69/F72 (table 1) . PCR 
positive transgenic plants were designated 2059+ . PCR 
negative control plants having lost the pBBC300 transgene 

15 through segregation were designated 2059- . FM6203 (the parent 
line) was also planted as a control. 

After selection by PCR, 16-20 day old seedlings were 
transferred to an automatic hydroponics feeding and watering 
20 system. 

Seeds from homozygous selfed Tl plants were planted in soil 
flats in a glasshouse- 16-20 day old seedlings were 

transferred to an automatic hydroponics feeding and watering 
25 system. 

Fruits were harvested between 18-21 days post breaker (breaker 
represents the stage were the first flush of orange colour 
appears on the developing fruit) . Fruits were used for paste 
30 production within 2-4 hours of harvest. 

10.2 Preparation of tomato paste 

450-850 g of fruit was diced (15 mm) and microwaved in a Pyrex 
35 bowl for 4, 2 and 1 minutes (full power) stirring between each 
period of heating. The pulp was chilled to room temperature on 
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melting ice and H 2 0 added to bring the cooked tomato pulp upto 
the original wet weight. Chilled juice was sieved through 
meshes of 1400 and 710pm whereby losses (seed + skin) of 
around 10-14% were typically incurred. 

5 

A weighed amount of hot break juice was centrifuged at 5,000 
RPM for 5 min, the serum decanted and the serum and pellet 
weights determined (serum/pellet ratio) . The serum pellet 
ratio is a measure of particle occupancy - the thicker the 
10 paste the lower the serum/pellet ratio. Paste prepared using 
tomatoes from the 2059+ line possessed consistently lower 
serum/pellet ratios than those prepared from either 2059- or 
parent FM6203 lines (Figure 23). 

15 Pastes were reconstituted by blending back a portion of the 

serum (typically to 75% of juice weight) to the pellet, 

allowing a minimum of 1 hour at room temperature for the 
particles to re-swell. 

20 Bostwick represents the Industry standard way for measuring 
paste viscosity. Approx. lOOg of this 75% paste (prepared as 
above) was placed in the chamber of the levelled Bostwick, the 
shutter opened and the distance (in cm) over which the paste 
flows in 30 sec. was recorded. Pastes with a low Bostwick 

25 value have a high viscosity and vice versa. 

Pastes prepared with tomatoes derived from the 2059+ line 
possessed consistently lower Bostwick values than those 
prepared from the 2059- or parent FM6203 line (Figure 24). 

30 

These results show that tomato lines of the invention provide 
advantageous properties to tomato products, for example they 
can provide increase thickness of products such as tomato 
pastes . 

35 

Example 11 : Transformation of tomato plants with Lc and CI 
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increases the production of methylsalicylate 
in the fruits 

The effects of the regulatory genes 2c and cl on the 
5 production of volatiles produced by the tomato fruits were 
tested, using solid phase microextraction (SPME) and gas 
chromatography coupled to mass spectrometry (GC-MS) . 

In a 4 ml glass vial, 0.5 g of frozen material (fresh weight 
10 basis) of grinded whole red fruits was weighed. After 
thawing, the fruit material was incubated at room temperature 
with gently stirring for 5 min, to allow enzymatic reactions. 
The reaction was stopped by adding 0.37 g of solid CaCl 2 and 
the vial was quickly closed with an open top crimp cap with 
15 teflon inlay. The vial was placed in a waterbath at 50°C 
above a stirring device. After 10 minutes of preincubation 
while stirring, the volatiles in the headspace were sampled 
during 15 minutes, using SPME with a silica fiber coated with 
100 urn polydimethylsiloxane (Supelco Inc., Bellefonte, PA, 
20 USA) . Volatiles trapped were identified by gas chromatography 
and mass spectrometry (GC-MS) according to Verhoeven et al . 
(1997) . 

Figure 30 shows typical GC-MS chromatograms of volatiles 
25 produced by red tomatoes of both untransf ormed and transgenic 
FM6203 plants. Methylsalicylate production appeared 

significantly higher in fruit extracts of plants expressing 
both Lc and Cl: its peak area, expressed as total ion counts x 
10 6 , in control plants was 9.2 ± 1.6 (mean ± s.d.; n - 2) , 
30 while in plants independently transformed with both Lc and Cl 
it ranged from 17.2 to 32.2 (mean ± s.d.: 29.6 ± 11.4; n = 3) - 
In contrast, methylsalicylate production was not changed in 
fruits of plants expressing only lc (Figure 30B) : in these 
transgenic plants the mean ± s.d. of the peak area was 10.8 ± 
35 2.1 (n = 2) . Of the two tested plants expressing only cl in 
their fruits, one had a level comparable to that in the 
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untransf ormed control plants, while the other (Figure 30C) 
produced methylsalicylate similar to plants expressing both CI 
and Lc. The applicants therefore speculate that the increase 
in the production of methylsalicylate in the fruits of plants 
5 transformed with the regulatory genes Lc and CI is mainly due 
to the action of CI. 

A significant increase in methylsalicylate level of tomatoes 
of the invention as compared to control fruits was found, 
10 Methylsalicylate is a key pathogen wound response volatile 
signalling molecule in plants. Its biosynthesis via the 
phenylpropanoid pathway probably involves benzoic acid as a 
precursor . 

15 Surpisingly the combined insertion of Lc+Cl not only provide 
increased levels of flavonoids but also increased levels of 
Methylsalycilate and therewith offers possibilities for the 
selective tailoring of plants to produce altered levels of 
targeted aroma compunds and novel flavoured food materials. 

20 
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CLAIMS 



10 



A method for producing a plant capable of exhibiting 
altered levels of flavonoids other than anthocyanins 
comprising incorporating into said plant two or more genes 
each encoding a different transcription factor for 
flavonoid biosynthesis, or a sequence functionally 
equivalent thereto, each gene being operably linked to a 
promoter . 



2. A method according to claim 1, wherein the plant is an 
edible plant, preferably selected from the group of 
vegetables such as a tomato plant, spinach, a pea plant, 
broccoli, cauliflower, asparagus and potato plant, fruit- 

15 bearing plants such as a strawberry plant, oil producing 

plants such as sunflower, soybean and rape, or extractable 
plants such as tea plants. 

3. A method according to claim 2 wherein the plant is a 
20 tomato plant. 

4 . A method according to any one of claims 1 to 3 wherein 
flavonoid levels other than anthocyanins in the plant are 
increased . 

25 

5. A method according to any one of claims 1 to 4 wherein the 
level of flavonoids other than anthocyanins in the flesh 
of the fruit is increased. 

30 6. A method according to any one of claims 1 to 5 wherein the 

flavonoids other than anthocyanins include flavonols. 

7. A method according to any one of claims 1 to 6 wherein the 
combination of genes comprises a gene encoding a myb-type 
35 transcription factor in combination with a gene encoding a 

/nyc-type transcription factor. 
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8. A method according to claim 7 wherein the combination of 
genes comprises a gene encoding the maize CI transcription 
factor in combination with a gene encoding the maize Lc 
transcription factor . 

9. A method according to any one of claims 1 to 8 wherein at 
least one of the genes encoding a transcription factor is 
operably linked to a non-constitutive promoter and/or to a 
tissue-specific promoter. 

10. A method according to any one of claims 1 to 9 wherein the 
combination of genes comprises a gene encoding the maize 
CI transcription factor, operably linked to the 
constitutive double 35S cauliflower mosaic virus promoter 
in combination with a gene encoding the maize Lc 
transcription factor, operably linked to the fruit- 
specific tomato E8 promoter. 

11. A plant having two or more transgenes each encoding a 
different transcription factor for flavonoid biosynthesis, 
or a sequence functionally equivalent thereto, stably 
incorporated into its genome such that its ability to 
produce flavonoids other than anthocyanins is altered. 

12. A plant according to claim 11 prepared according to the 
method of any one of claims 1 to 10. 

13. A DNA construct comprising sequences coding for a 
combination of two or more genes, each gene encoding a 
different transcription factor for flavonoid biosynthesis, 
or a functionally equivalent sequence thereof, each gene 
being operably linked to a promoter. 

14. A construct according to claim 13 comprising as operably 
linked components in an expression cassette two or more 
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units each comprising a promoter functional in a plant 
cell, a gene encoding a transcription factor for flavonoid 
biosynthesis and a transcriptional and translational 
termination region functional in a plant cell. 

15. A plant comprising a DNA construct according to claim 13 
or 14 . 



16, A transformed plant having flavonol levels compared to 
similar, untransf ormed plants. 

17. A tomato plant having enhanced flavonol levels in the 
flesh of the fruit. 

> 18. Seeds, fruits, progeny and hybrids of a plant according to 
any one of claims 11, 12, 15, 16, or 17. 

19. Use of a plant according to any one of claims 11, 12, 15, 
16 or 17 in the preparation of a food product or a skin or 

0 hair protective product. 

20. A food product prepared by the method of claim 1, having 
enhanced flavonol levels. 

21. A food product according to claim 20, wherein the food 
5 product is a tomato product such as sauce, paste, 

dressing, ketchup or soup. 

22. A food product according to 21 having an improved flavour 
and/or an increased thickness . 

0 

23. A method for producing a plant capable of exhibiting 
altered levels of flavour compounds or precursors thereof, 
such as methylsalicylate, comprising incorporating into 
said plant two or more genes each encoding a different 

5 transcription factor for flavonoid biosynthesis, or a 

sequence functionally equivalent thereto, each gene being 
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operably linked to a promoter. 

24. A method of increasing the thickness of tomato pastes, by 
using tomatoes as an ingredient thereof, said tomatoes 
being produced by a plant which has incorporated into its 
genome two or more genes each encoding a different 
transcription factor for flavonoid biosynthesis, or a 
sequence functionally equivalent thereto, each gene being 
operably linked to a promoter. 
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Fig. 2. 
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Fig. 4. 
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Fig.5(b). 
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